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1 Author of the following Trea- 
tiſe, Monſieur OZ AN AM, is a Per- 
ſon ſo well known, and deſervedly 
eſteem d, amongſt the Learned who un- 
derſtand him in his Native Language, that, 
if all others were alike acquainted with his 
Worth, his Name would be a ſufficient Re- 
commendation: However, having ſo well 
acquitted himſelf in the Preface, in giving 
a true Repreſentation of his Deſign, with 
the Uſes and Advantages thereof; nothing 
remains to be added, but a general Idea of 
the Subject, and Method; with a Word or 
two concerning the Tranſlation. | 

As to the firſt ; This Book is ſuch a Col- 
lection of the moſt curious, moſt ſurprizing, 
moſt uſeful, and moſt agreeablePerforman- 
ces of the Arts. and Sciences under which 
they are ſeyerally rang'd, as may prove a 
Spring of Invention to the Ingenious, fur- 
niſhing em with Hints of innumerable other 
[Az] Diſco- 
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Diſcoveries and Contrivances ſerviceable to 
the Neceſſity, or the Conveniency, or the 
Pleaſure of human Life. It is parted into 
Eight Diviſions or Sections, according to 
the Number of general Heads under which 
the Problems are reduc'd. Problems of Arith- 
metick make the firſt Claſs, being the moſt 
uſeful, moſt pleaſant, and leaſt embarraſſing 
of thoſe that belong to that Art; with cer- 


rain and never-failing_ Rules of Solution: 


The Demonſtrations, which would have in- 
terrupted the deſigned Pleaſure, are here, 
and every where elſe, omitted. Under this 
firſt Head the Reader will find the Subſtance 
of what is contain'd in Dr. 4rburthnet's Laws 
of Chance; with Variation of Examples, 
The Second ſort are Problems of Geometry; 


which are very numerous; but here an? 


the moſt uncommon, moſt curious, and, 
withal, moſt entertaining, are to be found. 
To Problems of the Opticks, being a Third 
Head, pertain thoſe of Perſpective, of Dio- 
ptricks, and Catoptricks, all extreamly diver- 
ting. Gnomonicks, or Dialling, is a moſt 
pleaſant part of Mathematicks, depending 
on a very profound Theory, handled at 
large by the Author in his Mathematical 
Courſe; but under Problems of Dialling, in 
the Fourth Rank, are placed only ſuch as 


may be perform d with Eaſe and Delight. | 


Problems of Coſmography are the Fifth in or- 
der, and include thoſe of Aſtronom, Geo- 
graphy, Navigation, and Chronology. The 

& = Problems 
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Problems of Mechanicks follow in the Sixth 
place, being generally more uſcful than cu- 
rious, becauſe converſant about Things ne- 
ceſſary to Life ; and to theſe are referred 
thoſe of Staticks and Fiydroftaticks. Pro- 
blems of Phyficks, which are a Seventh Kind, 
comprehend not only thoſe of Natural Phi- 
loſophy, which is nearly ally'd to the Mathe- 
maticks, but alſo thoſe of Chymiftry, Surge- 
ry, and Medicine, which admit of Experience 
only for their Demonſtration. The Problems 
of Pyrotechny come laſt of all, where is to 


be ſeen what is moſt uſeful and diverting in 


Artificial Fire-works, whether for Service or 
Recreation. | 
But to come to the preſent Tranſlation; 
the Reader is to know, That thoſe concern'd 
in the Publication, conſidering the great Uſe 
and Excellency of Mathematical Sciences, 
upon which, whatever is of Certainty in o- 
thers, purely Human, generally depends, 
thought they could do nothing of more uni- 
verkl Advantage, than to promote the Ac- 


quiſition of a Knowledge ſo vaſtly benefi- 
cial, by all Methods within the Sphere of 
their Buſineſs. To this Purpoſe nothing ap- 
3 more proper, than ſome entire Sy- 
em of Mathematicks, that might lead the 

Studious of ſuch Knowledge, from the ve- 
ry firſt Principles, to the higheſt Pinnacle 
of Perfection, without being oblig d to in- 
terrupt their Progreſs, by turning aſide af- 
ter other Books and Authors. Many Trea- 
[A3] tiſes 


Ty the READER. 


tiſes on ſome particular Parrs of Mathema- 


ticks occur'd, ſome in Engliſh, ſome in La- 


tin, and other Languages, accurately com- 
pos'd, and excellent in their Kind; but none 
ſeeming ſo peculiarly adapted to the De- 
ſign, as the Mathematical Courſe of Monſieur 
Ozanam, it was reſolvd to publiſh it in 
Enzliſh, However, it was thought fit firſt 
to make Tryal, in a ſmaller Undertaking, 
what Entertainment this Author might here 
receive, and to that End his Mathematical 
Recreations were pitch d on; the Care of 
Tranſlating being committed to a Gentle- 
man of great Ingenuity, and well- vers d in 
theſe Sciences ; who had not yet compleated 
the Copy, and had ſeen but a few Sheets 
from. the Preſs, when he was ſnatch'd from 
hence by untimely Death. This melancholy 
Event put a tedious Pauſe to the Work, 
and is the Cauſe it appears ſo late in pub- 
lick, tho' Notice of it was given ſome con- 
ſiderable Time ago. 57090 
In this one E»zliſh Volume, the Reader 
has all that's contain'd in the two French 
ones of the Original, that is Monſieur 
Ozanam's : Where he will find whatever is 
in Van Eton, Oughtred, and others that have 
writ on this Subject: All that belongs there- 
to being herein comprehended, and much 
better explain d than any where elſe. 
Theſe Mathematical and Phyfical Retreations 
were deſigu d by the Author, to ſerve, in 
ſome ſort, as a Supplement to his Mathema- 
at | | tical 
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tical Courſe, where many Problems, which 
are here to be found, were left out, that 
it might not make above Five Volumes in 
Ofavo ; of which we will here give the 
General Contents. | 

The Firſt Volume contains an Introdu- 
ction to the Mathematicks, with the Ele- 
ments of Euclid. The Introduction begins 
with the Definitions of Mathematicks, and 
their moſt general Terms ; which are fol- 
lowed by a little Treatiſe of Algebra, for 
underſtanding what enſues in the Courſe; 
and ends with many Geometrical Opera- 
tions, perform'd both upon Paper with Ru- 
ler and Compaſles, and upon the Ground 
with a Line and Pins. The Elements of 
Euclid comprehend the firſt Six Books, the 
Eleventh, and Twelfth, with their Uſes. 

In the Second Volume we have Arith- 
metick and Trigonometry, both Rectilineal 
and Spherical, with the Tables of Sines and 
Logarithms. Arithmetick is divided into 
Three Parts; the Firff handles whole Num- 
bers, the Second Fractions, and the Third 
Rules of Proportion. Trigonometry has 
alſo Three Diviſions or Books; the Firſt 
treats of the Conſtruction of Tables, the Se- 
cond of Redilineal, and the Third of Sphe- 
rical Trigonometry. 

The Third Volume comprehends Geo- 
metry and Fortification. Geometry is di- 
ſtributed into Four Parts, of which, the 
Firſt teaches Suryeying or Meafuring of 
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Lapd; the Second Longimetry, or Mea- 
ſuring of Lengths; the Third Planimetry, 
or Meaſuring of Surfaces; and the Fourth 
Stereometry, or Meaſuring of Solids: For- 
tification conſiſts of Six Parts: in the Firſt 
is handled Regular Fortification; in the Se- 
cond, the Conſtruction of Out Works; in 
the Third, the different Methods of Forti- 
fying; in the Fourth, Fortification Irregu- 
lar; in the Fifth, Fortification Offenſive ; 
and in the Sixth, Defenſive Fortification. 

The Fourth Volume includes the Me- 
chanicks and Perſpective. In Mechanicks 
are Three Books ; the Firſt, is of Machines 
Simple and Compounded ; the Second, of 
- Staticks ; and the Third, of Hydroſtaticks. 

Perſpective gives us firſt the General and 
Fundamental Principles of that Science, and | 
then treats of Perſpective Practical, of Sce- 
nography, and of Shading. 

The Fifth Volume conſiſts of Geography, 
and Dialling. Of Geography there are Two 
Parts ; the Firſt, concerning the Celeſtial 
Sphere ; and the Second, of the Terreſtrial. 
Gnomonicks or Dialling hath Five Chap- 
ters; the Firſt, contains many Lemma's ne- 
ceſſary for underſtanding the Practice and 
Theory of Dials ; the Second, treats of 
Horizontal Dials ; the Third, of Vertical 
Dials ; the Fourth, of. inclined Dials ; and 
the Fifth, of Arches, of Signs, and of o- 
ther Circles of the Sphere. 1 
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If the preſent Undertaking meet with 
a ſuitable Encouragement, thoſe concern d 
deſign, with all poſſible Expedition, to pub- 
liſh, in Engliſh, this Mathematical Courſe, in 
Five Volumes, in 8, as it is in the Original; 
each containing more Sheets, and Cuts than 
are in this Treatiſe. It is propos'd by Subſcri- 
ption, at 11. 2.5. 64. in Quires: Any Perſpn 
that enters his Name with any of thoſe con- 
cern'd in this Book, laying 5 . down, ſhall 
receive, on paying 17 5. 64. more, a compleat 
Set of the Volumes, which, conſidering the 
vaſt Charge of the Cuts, and what it contains, 
is cheaper than any thing ever yet offered: 
And thoſe that ſubſcribe, ſhall have their 
Names printed before the ſame, as Encou- 
ragers of ſo uſeful a Work. 
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That there was ſome ſecret Art amongſt 

the moſt learned of the Jews, of the Ara- 
bians, and of the Diſciples of that antient 
Academy, which was in Egypt when Moles 
was there educated, and ſtill flouriſhd in the 
Time of Solomon; inſomuch, that it hath 
excited the Curioſity of the fineſt Wits to en- 
deavour the Diſcovery of it: But is it poſe 
fible to learn an Art without a Maſter, and 
without Books > The Learned of that Time 
committed nothing to Writing ; or if they did, 
it was enigmatical, and ſo remote from what 
4 Reader did expect, that of them it may be 
faid, Their Silence was more inſtructive than 
their Diſcourſes. 


1 T has been an Opinion of long ſtanding, 


Father 
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ries of the Jews, and had been taught all 


geſippus, who wrote the ſame Hiſtory, ſays, 
hat Joſephus did that Miracle by the Knowe _ | 
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Father Schott ſaith there are Three Sorts 
of Cabala, ( ſo is that ſecret Art of the 
Orientals call'd;) that of the Rabbies, that of 
Raimond Lully, and that of the Algebriſts. 
The firſt he knows not what it is; the two 
laſt are Recreations in Numbers and Figures: 
and no doubt is to be made but the firſt is of 
the ſame Sort. Joſephus, who was 4 Levite, 
writes with Confidence, That by Right of bis 
Birth he had been inſtructed in all the Myſte- 


the Secrets of their Art. He boaſted, from 
4 Courtly Principle which ſmayd him more 
than his Conſcience, That, by his Art he had 
fore- told the Elevation of Titus to the Im- 
perial Dignity. He conceald his Game, as 
Men of Cunning ſhould, and as our Maſters 
teach ms. He gives out himſelf for a Mire- 
calons Perſon ; and when he relates the Advens 
ture where he ſhould have loſt his Life by 
the Deſpair of the Soldiers, reſolv d to cut 
one another s Throat rather than ſurrender to 
the Romans, he attributes his Deliverance to 
Chance and 4 Miracle. Notwithſtanding He- 


ledge of Numbers and Figures: For he made 
theſe Deſperado's to be rang'd in ſuch an Or- 
der, that the Lot fell upon thoſe, whom the 
Commander d:fir d to have deſtroy d. He ſav'd 
his onn Life, not by reaſon of being a Le- 


vite, but becauſe he was a Mathematician. 


Monſieur Bacher, in his 23. Probl. deſcribes | 


this 
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this Secret; who, had he then liu d, would 
have been accoumed as great 4 Magician as 
Joſephus. Hence it appears, that the moſt ab- 
ſtracted Knowledge may be reduc'd to Practice, 
and mhat ſeems moit remote may become of Uſe. 

"Tis moſt aſtoniſhing to find, that in the 
Time of the Emperours Diocleſian and Con- 
ſtantin, the Mathematicks were probibited by 
the Laws, as 4 Dangerous Science, under the 
ſame Penalties as Sorcery or Magick, being re- 
puted equally criminal and pernicious to civil 
Society; as appears from the 17th Title of 
the 9th Book of Juſtinian's Code. No doubt 
this was an Effect of the Ignorance which at 
that Time reign'd; and becauſe of the great 
Number of Impoſtors, who us d the Mathema- 
ticks to cheat, and deceive the Credulity of 
the Tlliterate. Newertheleſs, the Stupidity of 
thoſe is to be lam d, who ſuffer d themſelves to 
be gulld; and their Negligence is nat to be 
allow'd, who will not 22 improve their 
Underſtanding, ſo as to be in a Condition not to 
be abus d. There have been States wherein Tricks 
and little Thefts, cleverly performd, were per- 
mitted, that all might be on their Guard, and 
accuſtom d to a requiſite Precaution. 

Ignorance keeps the Warld in perpetual Ad- 
miration, and in a Diſidence, which ever pro- 
duces an invincible Inclination to blame and 
perſecute thoſe that know any Thing above the 
Vulgar ; who, being unaccuſtom d to raiſe their 
Thoughts beyond Things ſenfible, and unable to 
imagin that Nature imployeth Agents that are 
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inviſible and impalpable, aſcribe moſt an end to 
Sorceries and Demons, all Effects whereof they 
know not the Cauſe. To remedy theſe Inconve- | 
niencies is the Deſign of theſe Mathematical Re- 
creations, and to teach all to perform theſe Sor- 
ceries which were dreaded by the Council of Ju- 
ſtinian : And hereby will be vindicated the Fame 
of Thomas Aquinas, Albertus Magnus, So- 
lomon, and many other great Men, who had ne- 
ver been accus d for Magicians, but becauſe they | 
knew ſomething more than others; more effe- 
ctuallj than has been done by the Learned, who 
have been ſatisfi'd, by Dint of Argument only, to 
plead their 7 | 

It will, perhaps, be here objected, That by the 
Paſtimes 1 Mind, preſented to the World in the 
enſuing Book, the Reader is diverted from that 
Study and Application, to which he might have 
been engag d by Treatiſes of a ſerious Natare, 
which'fix the Thoughts, rendring em penetras . | 
ting and inquiſitive. To this it might ſuffice to 
alledge the Example of Men famons for Lear- 
ning, whoſe like Practice in this Matter, ma 
ſeem a Juſtification beyond any other could be 
brought. The learned Bachet, Sieur de Mezi- 
riac, famous for his excellent Works, began to 
make himſelf known to the learned World, ty a 
Collection which he intitled, Pleaſant Problems 
perform d by Numbers; by which he defign'd 
to make Trial of his own Ability, and the Opi- 
nion of the World, before he publiſp his Com- 
mentaries on the Arithmetick of Diophantus of 
Alexandria, and his other Works by which he 
| hath | 
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hath purchaſed to himſelf immortal Glory: Ma- 
ny other Authors of this Age, as the famous Fa- 
ther Kircher, the Fathers Schott and Bettin, 
have gain d no leſs Renown by the diverting Pro- 
blems in their Works, than by their — 
and more ſerious Obſervations. 

But leſt theſe illuſtrious Men, adduc d as Pre- 
cedents, ſhould themſelves be expos#'d to the Cen- 
ſure of thoſe who would accuſe them of Novelty ; 
Inſtances much more ancient, grounded on ſolid 
Reaſon, ſhall be here produc d, whereby it will 
appear, that in all Times this has been done ty 
the greateſt Men; being perſuaded, that the 


ſame Source of Reaſon that makes Men take Plea- 
ſure in Admiration, cauſes em, in like manner, 


to find Delight in things which are the Object of 


that Paſſion. 
The Enigmatical Sentences and Propoſitions, 


ſo much admir d and promoted by the Kings of 


Syria, which occaſion d the Continuance of the 


Parabolical Stile ſo long after, were nothing elſe 


but Paſtimes of Mind, and Entertainments e- 


 qually fitted to excite Pleaſure, and to give En- 


largement of Underſtanding. Perſons of higher 
Birth and Rank were of the ſame Make at that 
Time, as thoſe of our own are now: What was 


painful and laborious did diſcourage em. To en- 
gage them to Studiouſneſs and Reflexion, by 


Pleaſure and Curioſity, was a Piece of extraor- 
dinary Skill and Dexterity. Doubtleſs, the Edu- 
cation Nathan, by this mean], gave to Solo- 
mon, did mightily conduce to that Grandure of 
Soul, and to that admirable Wiſdom which con- 

fſtitates 
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ua tes the Character, and is the Glory of that 
I was alſo by way of Diverſion the Chaldeans 

and Egyptians, the Inventers of Aſtronomy, did 
Fore- tell to their Friends the Time, and other Cir- 
cumſtances, of Eolipſes, and ercited Syſtems 
which ſhewed the Length of the Days, demon- 
ftrated the Courſe of the Stars, and repreſented | 
all the Farieties of the Celeſtial Motions ; being 
perſuaded, no leſs than the Grecians, that the 
firſt intellectual Pleaſures are thoſe which pro- 
ceed from Mathematical Sciences, in which they 
educated their Children. They were convinc a, 
that Childrens Reaſon, tho not yet in Action, 
was not without its Strength, and wanted only 
to be put in Motion, in order to its Progreſs to- 
wards Perfection; which might be effected by 
exciting in em 4 Curioſity, that would do the 
ſame with them, which 4 long Train of- Neceſ- 
fities does in thoſe of more advanced Tears. 
Herein lay the Secret of Socrates, who taught | 
Children to reſolve the greateſt Difficulties of 
Geometry and Arithmetick: This:.was the 
Ae with which he laid open their Underſtanaing, 
Knew its Strength, and predicted their Deſtiny: 
This was inſtead of that Demon or Genius he | 
is ſaid to have conſulted, and which is reported 
ever 10 have accompanied him. 
Tho theſe Plays of the Intellict, here ſpoken 
of, ſeem only Amuſements to paſs away the Time; 
yet are they poſſibly of no ltſs Advantage than 
thoſe Exerciſes in which the Touths of Duality 
are bred up at Academies, which faſbion as well 
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bat i as invigorate their Bodies, and give them à grace» 
ful Air in their Department: For to be accu- 
ftom'd to diſcern the Proportions, and the Force 
of Mixtures; to find out an unknown Point re- 
d, amongſt 4 confus d Infinity of others; to 
take 4 right Method in reſolving the moſt intri- 
rate aud perplexing Propoſitions ; is to have the 
Mind fitted for Buſineſs, to be arm d againſt Sur- 
prizes, and prepared to overcome unexpected 
Difficalties; Things of no leſs Conſequence, one 
would think, than Adjuſting the Motions of the 
Body Li the Inſtructious of a Dancing Matter, or 
the Tone of the Voice by that of 4 Muſician. 
Beſides, are not Diverſions ſometimes neceſſa- 
ry? And can any one be diverted by what he des 
22 or is aſbam d of > Would a Stateſman 
chooſe to be performing at Dancing Matches, in 
the Intervals of Councils, and of important Bu- 
fineſs > Or were it becoming for him to be found 
in thoſe Exerciſes wherein he ſpent the time of his 
Touth > Decency, Buſineſs, and Health, would 
in no wiſe allow it. But Paſtimes of Mind are 
for all Seaſons and all Ages: They inſtruf# the 
Toung, and divert the Old: They are not beneath 
the Rich, nor above the Ability of the Poor : They 
may be uſed by either Sex without tranſgreſſing the 
Bounds of Modeſty. Thoſe Diverfions have this 
further and peculiar Advantage, that there can 
be no Exceſs in them : For — there is à ret 
gular Condult of Reaſon therein, through all the 
Steps it ſhould take, it can't be conceiv d how it 
ſhould touch upon any Extreme, its Exerciſe 
being within the due Medium, where the So- 
645 (B] lution 
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lution of the propoſed Problem is to be found. 
' Thoſe who have had the Curiofity to "obſerve 
the Conduct of great Men in their private A- | 
ions, have found that they are 4 as 
well in their Recreations as in their Buſineſs. 
Auguſtus a to exerciſe himſelf in the Even- 
ings with his Family at theſe Diverſions, not 
judging it beneath him; and recorded with no 
leſs Exactneſs the Particulars of his Recreations, 
than thoſe of his important Affairs. That lear- 
ned Lawyer Mutius Sceyola, after his Conſul- 
tations were over, diverted himſelf by Playing at 
Cheſs, and became one of the beſt Players of 
his Time. Pope Leo X. one of the greateſt Men 
of his Age, play d ſometimes at Cheſs, if we may 
believe Paulus Jovius, to recreate himſelf after 
the Fatigues of Buſineſs. * 

Dis certain the Game of Cheſs was inven- 
ted for Inſtruction as well as Diverſion.” The 
Attacks and Defences, the diverſe Steps and Ad- 
wantages of the different Vieces, may furniſh the 
Confiderate with Political and Moral Reflexions. 
By the Diſaſter of the King, we may learn, that 
a Prince muſt infallibly fall under his Enemies 
Power, when depriv'd of his Soldiers; and that 
he cannot neglect the Preſervation of em, with. 
out expoſing himſelf and his Dominions. 8 4 
All Games that art, or may be invented, may 
be reduc d to three Ranks. ' The Firſt is of theſs 
that depend altogether on Numbers and Figures; 
as the Cheſs, the Draughts, and ſome others: 
The Second of thoſe that are govern'd by Chance; 
as the Dice, and ſnch like : The Third Sort is 
i TV" 4 . ; SOT Ss as of 
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of thoſe that are ſubjected to the Laws of Motion, 
and require an Exatineſs and Regularity thereof; 
ſuch as Shooting with Guns, and with Bows, the 
Tennis, and Billiards. There are ſome Plays of 
a mixed Nature, depending partly on Skill, part- 
ly on Chance ; as the Tables, the Cards, and 
moſt others. But tis certain, there is none of 
em which might not be ſo far ſubjected to the 
Rules of the Mathematicks, that one might be 
aſſured of the Vittory, had he but all. the Under- 
ſtanding requiſite. Games of Dexterity depend 
fo much upon Principles of Staticks and Mecha- 
nicks, that tis only the Want of a due Knows 
ledge of their Rules, or of the Way of reducing 
em to Pradlice, that makes a Man fall ſhort of 
Conqueſt. | 

In all Plays of Chance whatever, the Viftory 
depends upon the coming up of a certain Number, 
upon Weight, or upon the Dimenſions of a Figure. 
The Gameſter that gives the Motion, might at 
Pleaſure determine the End of it, were bis Skill 
and Dexterity perfect; and tho this does not 
ſeem to be poſſible, there being none to be found 
Maſter of ſo much Cunning ; pet tis true that 
this might be done, and that an infallible Me- 
thod of Winning, at Cheſs for inſtance, is not 
abſolutely impoſſible : But no Body bas hitherto 
found it out; nor perhaps ever will, ſeeing it 
depends on too great a Number of Combinations. 
Zis enough that the Point of Perfection is poſſi- 
ble, ta' encourage the Labour of the Curious. 
A perfect Orator, ſaid Tully, never was, 
* and yet is pollible. His Picture drawn by 
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that famous Mafter, may be 4 Pattern for the 
—_ of thoſe who ftudy to excel in Ele- 
quence. The like may be ſaid of a Poet, 4 Painter, 
an Architet, a Phyfician, and all others. In 
like manner, tho tis true that no one has at- 
tained an infallible Method in all Plays 
perbaps in any one ; this ought to hinder none 
| from endeavonring to become as »kilful as he can, | 
and to come up as near as may be to the Idea of 
that Method, which, becauſe founded upon Prin- 
ciples of Mathematicks, muſt participate of a 
Mathematical Certainty. 

It may poſſibly be thought an Extraordinary 
Attempt to endeavour to proſelyte Gameſters to 
this Opinion, and io engage Stateſmen and great 
Commanders in the Stully of Mathematical Re- 
creations : Notwithſtanding there can be no 
Harm in Carrying the Light, let who will fol- 
lom after it : Tea, is it poſſible to hinder Man- 
kind from learning what is built on the moſt 
natural Principles, and on Truths flowing from 


the Eſſence of Things ? Should they be deprived 
of Pleaſures ſo inviting by their Utility; and 
mhich are ſo familiar, fo eafte, and ſo ſuited to 
all endowed with Reaſon, that to bereave Men 
of them, were to rob em of what is moſt agree» 
able in Life. 4 
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Arithmetical PROBLEMS. 


PROBLEME l. 


A blind Abbeſs, viſiting her Nuns, tho were equally diſtri- 
buted in eight Cells built at the four Corners of a Square, 
and in the Middle of each Side; finds an equal Number 
of Perſons in each Row or Side containing three Cells : 

4 At a ſecond Viſit, ſhe finds the ſame Number of Perſons 

! in each Row, tho their Number was enlarg d by the Ace- 

ceſſion of four Men: And coming a third time, ſhe ſtill 
finds the ſame Number of Perſons in each Row, tho' the 
four Men were then gone, and had carry'd each of em 
a Nun with em. 


O reſolve the firſt Caſe, when the four Men 
were got into the Cells, we mult conceive it fo, 
that there was a Man in each Cotner-Cell, and 

that two Nuns remov'd from thence to each of the Mid- 
dle-Cells: Ar this rate, each Corner- 

| —— Cell contain d one Perſon leſs than be- 
ö 5 3 | fore ; and each Middle-Cell rwo more 
} than before. Suppoſe then, that at the 
5 3[ firſt Viſitation, each Cell contain'd 3 
—— Nuns ; and fo, that there were nine in 

3 90G. each Row, and twenty-four in all; at 
the ſecond Viſit, which is the firſt Caſe 


— 


in queſtion, there muſt have been five Nuns in each 
A Middle- 
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Middle-Cell, and two Perſons, viz. a 
| prog Man and a Nun in each Corner-Cell ; 


3 2 which ſtill makes nine Perſons in each 
Row. 
| J To account for the ſecond Caſe, 


when he four Men were gone, and 
3 four Nuns with them; each Carner- 
Cell muſt have containd one Nun 

more than at the firſt Viſit, and each Middle-Cell two 
fewer And thus, according to the 

' —"— — Suppoſition laid down, each Corner- 
[4 1 4 Cell conrain'd four Nuns, and there 

\ = was only one in each Middle-Cell ; 


1 which ſtill make nine in a Row, tho 
5 1 the whole Number was but twenty. 


1 


+> 


| 
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PROBLEME II. 


To ſulſtract, with one ſingle Operation, ſeveral Sums, from 
ſeveral other Sums given. 


_— TO fubſtract all che Sums which are under the Line 
ara I at B, from all the Sums above the Line at A; be- 
gin by adding the Numbers or Figures of the Right- 
hand Column under the Line, ſaying, 8 and 
56243 4 1s 12, and 2 makes 14 ; which taken from 
84564 4 the neareſt Tens, viz. 20, there remains 6; 
3252 Which we add to the correſponding Column 
26848 above, ſaying, 6 and 8 make 14, and 2 is 
— 16, and 4 make 20, and 3 make 23: here 
2942 we write 3 underneath; and, in regard 
3654 B there are juſt two Tens, as before, we re- 
2308 tain or carry nothing. This done, we add 
— — after the {ame manner, the Numbers of the 
162003 next lower Column, ſaying, o and ; is 5, 
and 4 make 9; which taken from the nea- 

reſt Ten, leaves 1; which we add, as above, to the ſu- 
perior correſponding Column, ſaying, 1 and 4 make 5, 
and 5 makes 10, and 6 makes 16, and a makes 20: here 
Wet ſer o e and 2 bei — rs Tens, 
whereas in the inferior corre 22 column there was 


but one, we keep or carry I to be taken 
| from 
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from the next inferior Column, becauſe we found more 
Tem in A than in B: For had we found fewer in A than 
in B, we muſt have added the Difference; and if it 
ſhould ſo fall out, that this Difference can not be taken 
from the inferior Column, for want of ſignificant Fi- 
gures, as it happens here in the fifth Column; we mutt 
add it to the ſuperior Column, and write the whole Sum 


under the Line. Thus in the Example propos d, we 


have 162003, for the Remainder of the Subſtraction. 


PROBLEME III. 
Compendious Ways of Multiplication. 


T 


Number thar 's the Product of the Multiplication 


Multiplication of 4 and 6, or of 3 and 8: we multiply 
the Number propos'd 128 by 4, and the Product 512 by 
5, (or elſe 128 by 3, and the Product by 8) and have 3072 
for the requir'd Multiplication, | 

Hence it follows, that to multiply a Number propos'd 
by a ſquare Number, we muſt multiply the Number 
propos'd by the Side or Root of rhe Square, and then 
the Product by the fame Side again. Thus to multiply 
128 by 25, we multiply it by 5, and the Product by 5 
again. | 

8170 multiply any Number, 128 for inſtance, by 2 
Number that's the Product of the Multiplication of 
three other Numbets, as 108 the Product of 2, 6, and 9z 
or of 3, 6, and 6: we multiply 128 by 2, the Product 
by 6, and the ſecond Product by 9; or elle 128 by 3, 
the Product by 6, and the fecond Product by 6. 

The Conſequence of this is, thar ro multiply any 
Number propos'd, by a Cube-Number, we mult multi- 
ply it firſt by the Side or Root of the Cube ; then the 

roduct of that Multiplication by the tame Root, and 
the ſecond Product by the Side again, As, to multiply 
128 by 125, the Cube-Root of which is 5, we multiply 
128 by 5, and the Product 640 by 5 again, and the ſe- 


+ cond Product 3200 by 5 again. Thus to find how many 

Cubical Feet are in 32 Cubical Toiſes, we multiply 32 
by 6, the Product of that by 6, and the ſecond Product | 
by 6. A 2 10 


. * C | 1 
O multiply any Number, 128 for inſtance, by fr — — 


two other Numbers; 24 for inſtance, the Product of the a 


- 
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To multiply any Number by what Power you will 
of 5, add to the Number pros, on the Right-hand, 


as many Cyphers as the Exponent of the Power con- 
tains Unites, as, one Cypher for 5, two for its Square 
25, three for its Cube 125, and ſoon; and divide the 
Number thus augmented by the like Power from 2; that 
is, 2 for 5, 4 for its Square 25, 8 for its Cube 125, and 
ſo on. 

Thus ro multiply 128 by 5, we divide 1280 by 2, 
and the Quotient 640 is the Product of the Multiplica- 
tion: But to multiply 128 by 25 the Square of 5, 
we divide 12800 by 4 the Square of 2, and the Quo- 
tient is the Product demanded ; and to multiply the fame 
Number 128 by 125 the Cube of 5, we divide 128000 
by 8 the Cube of 2. And fo on. | 

To know how many Inches are in 5; Foot, we mul- 
tiply 53 by 12; or it might be done by multiplyin 

53 by 2, and the Product by 6; or 53 by 3, a 

53 the Product by 4. But there's a way of doing 

53 ir without any Multiplication ;- viz. by ſetting 
53 down 33 under 53, and then 53 again under 
—— both, advancing it a Column to the · Left, fo as 
636 to make 3 ſtand under 5 ; for the Sum of theſe 

three is 636, the Number of Inches contain'd in 
53 Foot, or of Pence in 53 Shillings, 

To multiply together two Numbers compos'd of ſe- 
veral Figures, 12, for Inſtance, and 18; we reduce the 
firſt Number, 12, into theſe three parts, each of which 
conſiſts only of one Figure, 2, 4, and 6; and in like 
manner, the ſecond Number, 18, into 4, 6, 8; each of 
which laſt muſt be multiply d by 2, the firſt part of the 
firſt Number; and then by 4, the 2d Figure of the ſame 
firſt Number; and at laſt by 6, the third part: and the 
Sum of all theſe Products anſwers the Demand. 


PRO- 
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PROBLEME IV. 
Diviſion ſhorten'd. 


10 divide a large Number by a ſmaller, by only Dig 
Addition and Suhſtraction, as 1492992 by 432 ; we thorten'd, 


commonly pur the Diviſor to the Left, under 1492, to 
know how many times tis contain'd in that Number. 
But yet we may fave our ſelves that Labour, by ma- 
king a Tariff of rhe Diviſor ; for which end we place 
it on the Right over-againſt 13 then add ir to itſelf, or 
double ir, and place that over-againft 2: Then we add 
it to the Double, and place the Sum oppoſite to 3 ; 
adding it to the Triple, we have its Quadruple oppo- 
fite ro 4; as the Additional of itſelf ro the Quadruple, 
-gives rhe Quintuple oppoſite to 5; and fo of the other 
Multiples oppoſite to 6, 7, 8, 9, 10: The laſt of which, 
viz, the Multiple correſponding to 10, ought, if the Ta- 
ble is right done, to be the ſingle Diviſor with a Cypher + 

on the Right-hand. 


\ 


11 432 1492992 (3456 

2| 864 1296 
n 
f rout ny 

312160 Lia 0 

612592 2419 

713024 2160 

8] 3456 —— | 

91 2005 259 ] ' 

101 4320 . 

000 


Having thus prepar d your Table, proceed in the 
common way of Diviſion ; and every time you have 
occaſion to know how often your Diviſor is contain d 
in the correſponding Number, look in your Table for 
the neareſt Number that does not exceed ; and the 
Number to which that is oppoſite gives you at one 
view the Figure you're to put in your Quotient. As, 
in the beginning of the Diviſion here exemplify'd, you 
want to know how often 432 is to be found in 1492 ; 

3 in 
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in your Table, you find 1296 (the neareſt Number to 


1492 and not exceeding it) oppoſite to 3, and accord- 
ingly 3 is the firſt Figure of your Quotient; and ſo of all 
the reſt. | 5 

This Way is very convenient, when we have occaſion 
to divide large Numbers by a ſmaller Number; for the 
Tariff of our Diviſor keeps us from being at a ſtand, by re- 
ſolving us readily upon all our Diviſions. This is frequent- 
ly the Caſe of Surveyors of Land, who have occaſion to 
divide large Numbers by 144, when they want to reduce 
ſquare Inches into ſquare Feet; or by 1728, when they 
want to reduce cubical Inches into cubical Feet. 

Io divide any Number by what Power you will of 5, 
multiply it by the like Power of 2, and cut off from the 
right hand of the Product as many Figures as there are 
Unites in the Degree of the Power; the remaining Figures 
on the left; will repreſent the Quotient of the Diviſion, 
and thoſe ſtruck off, will be the Numerator of a Fraction, 
the Denominator of which will be the like Power of 10. 
lo divide any Number by a ſmaller, that is the Product 
of rhe Multiplication of rwo yet ſmaller Numbers, divide 
the Number propos'd, by one of the two ſmaller, and the 
Quotient by the other; and the ſecond Quotient ariſing 
from the laſt Diviſion, is what you want. 

Thus to divide 20736 by 24, the Product of 3 and 8, 
or of 4 and 6, we take the 8th part of it's 3d, or the 6th 
part of it's 4th, or, (which is the ſame thing] we take the 
3d of it's 8th part, or the 4th of it's 6th, and our Quo- 
tient proves 1728. 5 8 
- Hence to reduce ſquare Feet to ſquare Toiſes, (a Toiſe 
is 6 Foot) we muſt rake the 6th part of the 6th part of the 
Number propos d of ſquare Feet, becauſe a ſquare Toile is 
36 ſquare Foor, and 6 times 6 is 36. Thus to reduce 
542 ſquare Feet to ſquare Toifes, we mult rake the 6 h 
_ of 994 (the 6th part of 54») and fo have 15 ſquare 

oiles and 2 ſquate Feet, as the Value of 542 ſquare Feet. 


Ro 
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PROBLEME V. 
Of ſome Properties of Numbers. 


I NUnber 9 has this Property; that when it multiplies Fropertie of 


EY any number of Integers whatſoever, the Sum of 


the Figures in the Product is diviſible by 9 : Thus 33, 
multiplied by 9, makes the Product 477 ; the Figures of 
which, added together, viz. 7 and 7 and 4 make 18, 
which is exactly diviſible by 9. 

II. Take any two Numbers whatſoever, either one of 
the two, or their Sum, or their Difference is divifible by 3: 
Thus, of the two Numbers 6 and 3, 6 is diviſible by 3 ; 
of rr and 5 the Difference 6 is diviſible by z ; of 7 and 5 
the Sum 12 is divifible by 3. Fs, 

III. The Product arifing from the Multiplication of 
two Numbers, the Squares of which make a joint ſquare 
Number, is diviſible by 6: Thus 12 the Product of 3 and 4 
the Squares of which, viz. 9 and 16, make together the 
ſquare Number 27; this 12, I ſay, is diviſible by 6. - 


To find two Numbers, the Squares of which make together To find two | 
a ſquare Number, multiply any two Numbers, the one by — 
the other, and the Double of the Product will be one of of which 
the two Numbers demanded, and the Difference of their make toge. 
Squares will be the aber. Thnsin 2 and 3, the Double — 
0 


their Product 12, and 5 the Difference of their Squares 
(4 and 9) are two Numbers of that Quality, chat their 
Squares 144 and 25 make together the ſquare Number 
169, the Root of which is 13. See Prob. 6 and 7. | 

IV. The Sum and the Difference of any two Numbers, 
the Squares of which differ by a ſquare Number, are, 
each of em, either a ſquare number or the half of one: 
Thus, rake the Numbers 6 and 10, their Squares 36 and 
100 differ by the ſquare Number 64; their Sum is 16, 
and their Difference 4, each of which is a ſquare Number: 
Then take $ and to for the two Numbers, their Squares 
64 and 100, differ by the ſquare Number 36 ; and the 


Sum 18, and the Difference 2, are the Halfs of the tw 
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To find two Ty find two Numbers, the | ch, 
OE s, the Sum and Di 
— and are, each of em, a ſquare Number, in — Ke 
Df rence cf Squares of theſe. two Numbers will likewiſe differ by a 
— os Sg {quare Number : pitch upon any two Numbers, as 2 — 
Numbers, 3» the Product of their Multiplication is 6 their Squares 
are 4 and 9; 13 the Sum of the tvvo Squares. and 12 the 
Double of the Product of their Multiplications, are the 
Numbers we look for; for their Sum 25, and their Diffe- 
wad I wm 2 __ ; and further, their 
es 169 and 144 differ by the 
— — two Jo find two Numbers, the Sum phy co wrmaer io 
de Sn and 4e each of em the Half or the Double of a ſquare Number, 
Difference of In which Caſe, their Squares will likewie differ b a 
N quare Number; Take any two Numbers, as 2 _ 
0. Double of the Squares of which are 4 and 9; 13 the Sum of theſe 
3 Square, TWO Squares, and 5 the Difference, are the two Numbers 
demanded; for their Sum 8 and their Difference 8, are 
the Halfs of the ewo ſquare Numbers 36 and 16 and the 
Doubles of the two ſquare Numbers 9 and 43 and tar- 
— their Squares 169 and 25, differ by the ſquare Num- 
1 144, the Root of which is 12. 1 
Lowers V. Every ſquare Number ends either with two Cyphers 
Number ii Or with one ot the five Figures 1, 4, 5, 6,9 which frver 
not ſquare. for a Rule To diſtinguiſh when a Number proper d is not 
ſquare, viz. when it does not end as above; nay, if it 
does end with rwo Noughts, and theſe are not — 
by any of the foregoing 5 Figures, we may reſt affured tis 
* ſquare. . TI 
How to I. Every ſquare Fraction, that i 
— * has its — R oor, is ſuch, Ae kralnz fe Mat. 
nor ſquare. tiplication of the Numerator by the Denominator is ſquare. 
| Thus we know 4 Frattion is not ſquare, when that does not 
happen. Take the Fraction 34, we know it to be ſquare 
becauſe 1764, the Product of 28, multiplied by — i". 
ſquare Number. haying 42 for it's Root; and lo the 
ſquare Root of the propos'd Fraction is 42 retaining the 
{ame Denominator; or 45, retaining the ſame — r 
for either of theſe is equivalent to 2, for the ſquare R — 
of the propos d Fraction 34. or 4 4 1 . 
Shen ph VII, Any cubical Fraction, i. e. any that has its Cube- 
ou Root, is ſuch, that if you multiply the Numerator by the 
Square of the Denomina tor, or the Denominator by the 
Square of the Numerator, che Product has its Cube. 
Root; and tis by this Rule that e know when 4 Fraclion 
f 14 4 


— — — 
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% 4 Cube Fraftion, ſuch is 524+ for 3375000, and 216000, 
The two Products of the two ways of Multiplication juſt 
mention d, have 150 and 60 for their Cube Roots, and ſo 
the Cube Root of the Fraction N is ++ retainingthe (ame 
Denominator, or 34 retaining the ſame Numerator, for 
each of theſe Fractions is equal ro + as the Cube Root of 
the propos d Fraction . 

III. Tho' tis not poſſible to find two Homogene- 
ous Powers, the Sum and difference of which, are each of 
em a power of the ſame degree, that is, ſquare Numbers 
if the two firſt are Squares, and Cube- Numbers if they are 
Cubical, &c. yet tis poſſible and very eaſy to find two Tri- 
angular Numbers, the Sum and difference of which, are each 
of em a Triangwar Number. | 

Thus 15 and 21 are two Triangular Numbers, the ſides To find two 
of which are 5 and 6; and their Sum 36, and the difference — 
6, are likewiſe Triangular Numbers, having 8 and 3 for the Sum and 
their ſides. Again, 780 and 990 are Triangular Num- dif:rence of 
bers, the ſides of which are 39 and 44 ; and their Sum = 
1770 and the difference 2 10 are likewiſe Triangular Num- Numbers. 
bers, having 59 and 20 for their ſides. Once more, 
1747515 and 2185095 are Triangular Numbers, having 
1869 and 2090 for their ſides; and their Sum 3932610 
and the differepce 437580 are likewiſe Triangular Num- 
bers, the ſides of which are 2804 and 935. 

By a Triangular Number we underſtand the Sum of the what we 
natural Numbers, 1, 2, 3, 4, 5, 6, beginning with Llair, call a Tri; 
and riſing ro what Number you will, the laſt and the _— 
greateſt of which is call'd the fide, Thus we know that 10 : 
is a Triangular Number, the fide of which is four, by 
reaſon that tis equal to the Sum of the firſt four natural 
Numbers, 1, 2, 3, 4. the laſt and greateſt of which is 4. 
Twas call d Triangular, becauſe you may diſpoſe 10 points 
in the form of an Equilateral Triangle, each fide of which 
contains 4, and hence *rwas that 4 got the Name of the 
fide of — — 7 — Number 10. i 

To know if a Number propos d is Triangular, you mult 10 Know! 
multiply it by 8, and addr ro the Product, for if the — — 
Sum be Square, the propos d Number is Triangular, vor di Tri: 
Thus we know that 10 is Triangular, becauſe 81 (the 6d. 
Sum of its Multiplication by 8, with the addition of 1) is a 
Square Number, having 9 for its Root. 

IX. The difference of rwo Homogeneous Powers, as 
of two Square-numbers, of two Cube-numbers, &c. is 

diviſibi 


| 
| 
| 
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make 2, the firſt being the uneven Numbers 3, 5 wy 11, 
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divifible by the difference of their ſides. Accordingly we 
find that 21 the difference of the two Square-numbers 25 
and 4, the ſides of which are 5 and 2, is diviſible by z the 
difference of the Sides or Roots, the Quotieat 7 being al- 
ways equal ro the Sum of the ſame Sides or Roots ; 
and that 117, the difference of the Cubes 125 and 8, the 
Roots of which are 5 and 2, is diviſible by 3 the difference 
of the Roots, the Quotient} 39 being equal to the Pro- 
duct of the (aid Roots multiplied one into another, viz. 10, 
added to 29 the Sum of their Squares 25 and 4. 

X. The difference of two Homogeneal Powers, the 


common Exponent of which is an even number, is diviſi- 


ble by the dum of their Roots. Thus, 21 the difference 
of the two Square- numbers, 25 and 4, the Roots of which 
are 5 and 2, is divifible by 7, the Sum of the {aid Roots, 
the Quotient 3 being equal to the differetice of the Roots; 
and 609 the difference of the Bi-quadrats 625 and 16, 
the Roots of which ate 5 and 2, is diviſible by 7, the Sum 
of the Roots, the Quorient 87 being equal to the Product 
ariſing from 3, the difference of the — multiplied with 
29 the Sum of their Squares 25 and 4. | 

XI. The Sum of two Homogeneal Powers, the common 


Exponent of which is an odd number, is diviſible by 
the Sum of their Roots, Thus we know that 133 the 


Sum of the rwo Cubes 125 and 8, the Roots of which are 
5 and 2, is diviſible by 7 the Sum of theſe Roots, the Quo- 
rient 19 being equal to the Exceſs of the Sum of the 
Squares of the Roots (29) above the Product of the Roots 
(10) And that 3157 the Sum of the two Surſolids 3123 
and 32, the Roots of which are 5 and 2, is diviſible by 
7 the Sum of the Roots; the Quotient 45 1 being equal to 
the Exceſs of 741 the Sum of the Bi quadrat Powers of 
the Roots 5 and 2( 625, 16) and of the Square of the 
Product of the ſame Roots (too,) its Exceſs I ſay above 
2.90 the Product of the Sum of the Squares of the fame 
Roots (29) multiplied by 10 the Product of the Roots 
themſelves, | 
XII. All the powers of the natural Numbers t, 2, 3, 
4, 5, 6, Se. have as many Differences as their Exponent; 
contain Units, the laſt Differences being always- equal 
among themſelves in each Power, that is, the ſecond Diffe- 
rences, or the Differences of the Differences, in the Squares 
I, 4, 9, 16, 25, 36, Sc. for theſe ſecond Differences 


The 
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fic. The third Differences, or the Differences of the 
Differences of the firſt Differences in the Cubes 1, 8, 27, 
64, 123, 216, Ge. for theſe third Differences make 6, 
the firſt being 7,19, 37, 61, 91, Cc. and the ſecond Diffe- 
rences, i. e. the Differences of theſe Differences being 1 2, 
18, 24, 30 Sc. which riſe by 6 for the third Difference, 


and ſo of the rett, — 
| 21d Pyrami- 
dial Num- 


The ſame thing happens to Polygon Numbers form'd by 
the continual Addition of Numbers in continual Arith- 
metical Progreſſion, which are calłd Gnomons, and of 
which the tirit is always an Unit, which is virtually any 
Polygon Number. The ſame is the caſe with Pyramidal 
Numbers, which are form d by the continual Addition of 
Polygon Numbers conſider'd as Gnomons, the firit of which 
is always Unit: And in like manner with the Pyramido- 
Pyramidal Nambers, which are produced by the continual 
Addition of Pyramidal Numbers, conſider d as Gnomons, 
the firſt of which is always Unity. 

When the Gnomons rile, or. exceed one another by 
One, as 1, 2, 3, 4, 5 6, Sc. the Polygon Numbers 
1, 3, 6, 10, 15, 21, Ge. which are form'd from them 
are call'd Triangular, the Property of which is ſuch that 
each of em being multiphed by 8, and the Product inlar- 
ged by Unity, the Sum is a Square-number, as we inti- 
mated above. And farther, 9 the Sum of the ſecond and 
the third, omitting the firſt, is a Square-number, and 36 


bers, 


the Sum of the fifth and the fixth, omitting the fourth, is 


likewiſe Square, and fo on. 


When the Gnomon: rife, or exceed one another by two 
Units, as the odd Numbers x, 3, 5, 7, 9, 11, Sc. the 


Polygon Numbers form'd from'em 1, 4, 9, 16, 25, 36, Cc. 
are Square - numbers; and when the Gnomons increaſe b 

three Units, as 1, 4, 7, 10, 13, 16, Se. the Numbers 
form'd from em, 1,5, 12, 22, 35, 51, Ge. are call'd Pen- 
tagons, and have this peculiar Quality that each of em be- 
ing mulriplied by 24, and 1 added to the Product, the 
Sum is a Square- number, by which Rule we know when 4 

op0s'd Number is Pentagon, and ſo of the others. 

To find the Sum of as many Triangular Numbers 4s you 
will, commencing from Unit, of theſe eight for Inſtance, 
I, 3, 6, 10, 15, 21, 28, 36, multiply the given Num- 
ber 8 by the next follower 9, and the Product 7 2 by the 
next after that 10, and divide the ſecond Product 720 by 
6, the Quotient gives you 120 the Sum demanded, 7, 

2255 a 


= 
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The Sum of all theſe infinite Fractions +, 5, , , 5 
Sc. the common Numerator of which is 1, and the De- 
nominators of which are Triangular Numbers, their Sum, 
I ſay, is juſt x. 

Jo find the Sum of as many Square-numbers from an Unit 
as you will, of theſe eight, for Example, 1, 4, 9, 16, 25, 36, 
49, 64, take 36 the laſt of as many Triangular Numbers, 
vix. 1, 3, 6, 10, 15, 21, 28, 36, from 240 the double 
of rhis Sum 120, and the remainder 204 is the Sum 

on want, 

XIII. The Cubes, x, 8, 27, 64, 125, 216, &c, of the 
natural Numbers, 1, 2, 3, 4, 5, 6, Sc. are ſuch, that 
the firſt 1 is a — the Root of which 1 is the 
firſt Triangular Number; the Sum of the two firſt, 1 and 8, 
vix 9, is a Square-number, the Root of which; is the ſe- 
cond Triangular Number; 36 the Sum of the three firſt, 1, 
8, 27, is a Square-number, the Root of which 6 is the 
third Triangular Number, and ſo on. And therefore if 

ou want to find the Sum of any Number of Cubick Num- 

s from an Unit, of thele fix for Example, 1, 8, 27,64, 
125, 216, the Square of the fixth Triangular Number 21 
(44 ) is the Sum you deſire. | 

XIV. Among whole Numbers, there's only 2 that be- 
ing :dded to its ſelf, makes as much as when multiplied by 
its ſelf, viz. 4, for all other Numbers make more by Mul- 
tiplication than by Addition. 

Tho we can't find two whole Numbers, the Sum of 
which is equal to the Product of their Multiplication, yet 
we can eaſily find two fractional Numbers, and even in 4 

iven Ratio, the Sum of which is equal to their Product, viz. 

y dividing the Sum of the two Terms of the given Ratio 
by each of the two Terms; thus, if you give 'em the Ratio 
of the two Numbers, 2, 3, divide their Sum 5 ſeparately 
by 2 and by 3, and you'll have the two Numbers 25, 12, 
which make as much when added together, as when 
multiplied together, viz. 4 5. 

XV. Any Number is the half of the Sum of two others 
equally remote, the one in the way of defect, and the o- 
ther in Exceſs. For Example, 6 is the half of 12, the 
_ of the two Numbers equally remote, 5 and 7, or 4 
and 8. | | 

XVI. The Number 3y has this Property, that being 
multiplied by any of theſe Numbers, 3, 6, 9, 12, 15, 
18, 21, 24, 27, Which are in continual 5 | 

ro 
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progreſſion, all the Products are compos d of one Figure 
thrice repeated. 
os 7 , os. 20 
3 6 nn 18 21 24 27 


— — — — 


111 222 333 444 555 666 777 888 999 


XVII. The two Numbers 5 and 6 are call'd Spherical, Spherical 
becauſe their Powers terminate in theſe very Numbers, Numbers: 
The Powers of 5, viz. 25, 125, 625, &c. terminate in 5, 
and in like manner the Powers of 6, viz. 36, 216, 1296, 

Se. end with 6. 

5 has that peculiar Quality, that when multiplied by 
an odd Number (as 7) its Product tertninares in 5 (as 35, 
and when multiplied by an even Number (as 8) its Pro- 
duct ends in a Cypher, (as 40.) * 

The other Number, 6, has likewiſe this ſingular Quality, * — * 
that tis the firſt of the Numbers which we call perfect, as Number. 
being equal to the Sum of their Aliquor parts, for 6 is e- 
qual to the Sum of its Aliquor parts 1, 2, 3 28 is like- 
wiſe a perfed Number, in regard tis equal to the Sum of 
its Aliquot parts 1, 2, 4, 7, 14: And one may find an 
infinity of other perfect Numbers, as 496, which is equal 
to the Sum of its Aliquot parts 1, 2, 4, 8, 16, 31, 62, 

124, 248. 

To find all the perfect Numbers in order, make uſe of the 
Powers of 2, biz. 2, 4, 8, 16, 32, ©c. and ſee which of 
theſe Powers, when an Unit is takes from them, makes a 

ime Number, and youll find in 4, 8, 32, Sc. that 
if you ſubitract x from each of em, the Remainders 
3, 7, 31, Sc. are prime Numbers, each of which ought 
to be multiplied by 
the half of the corre. 2. 4. 8. 16. 32 


ponding Power, that is, 1 I 
3 by 2, 7 by 4, 31 by oth rs 1 
16, Sc. in order to ob- 3 7 78 
tain the perfect Num- 3 16 
bers 6, 23, 496, &c. 6 28 496 


To find all the Aliquot Parts, or all the Diviſors of a pro- Jo fn al 
'd Number, of which an Unit is always one. If the Num- pars ” 
ber be $128 (for Example) which is likewiſe a perfect Num- Number. 
ber, divide it by the leaſt Number that offers, viz. 2, which 
is eaſily done, becauſe 8 128 is an even Number, ſo the 


Quotient will be 4064, which let down over againſt K 


— — :: — — — —— — 
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for your ſecond Diviſor, which may ſtill be divided by the 
firſt Diviſor 2, and ſo its Square 4 may likewiſe be a Di- 
viſor, which ſer down under 2, over againſt the ſecond 
Quotient 2032 for another Diviſor, which may ſtill be di- 
vided by the firſt Diviſor 2, and rherefore its Cube 8 will 
likewiſe be.a Diviſor, which you are to 

write under the Square 4, and oppolite I 

to the third Quotient ro16 for another 2 4064 
Diviſor : Thus you go on, till you come 4 2032 
to the laſt Diviſor that can't be divided 8 1016 
by 2, viz, the fixth Quotient 127, 16 508 
which being a prime Number, that is, a 32 254 
Number that can be divided by nothing 64 127 


but an Unit, gives us to know that we — @T— 
have traced all the Diviſors of the Num. 7 801 

ber propos d 8128, and here yon fee the 9 

Sum of the Diviſors is equal to the 9128 

Number propos d, and by conſequence 

tis a perfect — 

By the ſame Method did we I 

find out all the Diviſors of the o- 2 1048064 

ther Number 2095128, which 4 524032 

is likewiſe perfect, for as you 8 262015 

ſee tis equal to the Sum of its 16 13 1008 

Aliquot parts. You ſee likewiſe 33 65504 
that the Iaſt Quoyent 2047 64 32752 

which anſwers to 1024 the tenth 128 16376 
Power of the firſt Diviſor 2 is al- 255 $188 

lo a prime Number, for if it Tis" +: - _ 
could have been divided by any 1024 2047 


other Number beyond 2, as by 
3, it behoved us to have multi- 47 3094088 
lied all the Powers of the firſt Diviſor 2 by this new 
iviſor 3, and to have divided the Number propos d and 
allthe Quotient by this new Diviſor 3, in order to have 
ther Diviſors, as youll ſee, in the following Example. 
XVIII. The Number 120 is equal to the half of 240, 
the Sum of its Aliquot parts 1, 2, 3 4, 5, 6, 8, 10, 12, 
15, 20, 24, 30, 40, 60. The Number 672 is likewiſe 
equal to the half off 344 che Sum of its Aliquot parts, 
as will appear by obſerving the Method above preſcrib d, 
which we ſhall not now repeat. We may find a great ma- 
ny other Numbers that have the ſame Quality; nay ſome 
may be found to be the third, or any other part of Poo 


* 
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Sum of their Aliquot parts, which we ſhall not now 


inſiſt 


15 


n. | i 
XIX. The two Numbers 220 and 284 are call d 4mia- *viable 


ble, becauſe the firſt 220 is equal to the Sum of the All- 


quot-parts of the latter, 1, 2, 4, 71, 142; and recipro= 
cally the latter 284 is equal to the Sum of the Aliquor-parts 
of the former, 1, 2,4, 5, 10, 11, 22, 44, 55, 110. Thele 
Aliquot- parts are eaſily found by what we have ſaid be- 
fore, eſpecially if we conſider that all Numbers that end in 
5 or in o, are diviſible by 5. | 

To find all the Amiable Numbers in order, make uſe of 
the Number 2, which is of ſuch a Quality, that if you 
take 1 from its Triple 6, from its Sexturiple 12, from the 
Octodecuple of its Square, 72, the remainders ate the 
three prime Numbers 5, 11, and 71, of which 5 and 11 be- 
ing multiplied together, and the Product 35 being multi- 
plied by 4 the double of the Number 2, this ſecond Pro- 
duct 220 will be the firſt of the two Numbers we look for ; 
and to find the other 284, we need only ro multiply 
the third prime Number 71, by 4, the ſame double of 2, 
that we uled before. 

To find two other Amiable Numbers, inſtead of 2 we 
make ule of one of its powers that poſſeſſes the ſame Qua- 
liry, ſuch as irs Cube 8 ; for you ſubſtract an Unit from its 
Triple 24, from its Sextuple 48, and from 1152 the Oc- 
todecuple of its Square 64, the Remainders are the three 
prime Numbers, viz. 23, 47, 1151, of which the two firſt 
235 47 ought to be multiplied together, and their Product 


1081 ought to be multiplied by 16 the double of the Cube 


8. in order to have 17296 for the firſt of the rwo Num- 
bers demanded. And for the other 4miable Number, 
which is 18416 we muſt multiply the third prime Num- 
ber 1151 by 16 the ſame double of the Cube 8. 

If you ſtill want other amiable Numbers, inſtead of 2, 
or its Cube 8, make ule of its Square Cube 64, for it has 
the ſame Quality, and will anſwer as above. 

In regard, tis difficult ro know whether a Number is 

* it be a large Number, we ſhall at the end of this 

roblem Subjoyn a Table of all the prime Numbers 
between 1 and 10000. | 

XX. The Squares of the two Numbers 31, 34, viz. 
961, 1156, are ſuch, that the firſt 961, with its Aliquor 
parts, r, 31, makes a Sum (993) equal to 1, 2, 4, 17, 34, 
68, 289, 578 the Aliquot parts of the ſecond 3 
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XXI. The two Numbers 26, 20, make, each of em 
with their Aliquot parts the ſame Sum; the firſt 26 with 
its Aliquot - parts 1, 2, 13, makes 42, and the ſecond 
(20) with its Aliquot- parts 1, 2, 4, 5, 10, Makes like- 
Wile 42. 

The ſame is the caſe of 488 and 464, each of em with 
their Aliquor-parts making 930: of 11 and 6, each of 
em with their Aliquot-parts making 12; and in fine of 
17 and 10, which with their Aliquor-parts make 18 a 


e. 

gi we may find three Numbers, each of which with 
its Aliquot- parts makes the ſame Sum, as 20, 26 and 41, 
as alſo 23, 14, 15, and 46, 51, 71. x 

We may find two Square-numbers of the ſame Quality, 
particularly 16 and 25 the Squares of 4 and 5 ; which are 
the loweft that can be, and by virtue of which we come 
at as many more as we will of the ſame Quality, viz. 
by multiplying them by ſome odd Square-number, that is 
not diviſible by 3. For Example, if we multiply each 
of em by the Square-number 9, we obtain two other 
Square-numbers 144 and 225, each of which with its 
Aliquot- parts makes juſt 403. 

XXII. 81 the Square of 5, with its Aliquot-parts 1, 
3, 9, 27, makes a Square-number (121 ) the Root o 


which is 11. 400 the Square of 2c, with irs Aliquot- parts 


makes the Square of 31 (96 1.) 

XXIII. 666 the Sum of theſe three Triangular Numbers 
15, 21, 630, the ſides of which are 5, 6, 35, is likewiſe a 
Triangular Number, the fide of whchis 36. The ſame 
is the caſe of theſe three Triangular Numbers 210, 780, 
1711, and likewiſe of theſe 666, 2628, 5886. 

XXIV. 49 the Square of 7 has this Quality, that 8 
the Sum of its Aliquor parts, 1, 7, is the Cube of 2, and 
343 the Cube of the ſame Number 7, does with irs Aliquot 
parts, 1, 7, 49, make the Square-number 400, the Root 
of which is 20. 1 do not here pretend to direct you 
how to find our others of the ſame Quality, for unleſs 
you light on them by chance, tis very difficult to trace 'em 
without Algebra, which I propoſe not to mention in this 
Performance. | 

XXV. 9 the Square of 3 has this Quality, that 4 the 
Sum of its Aliquot. parts 1, 3, is the Square of 2. 2401 
1 * of 49 has the ſame Quality, for 400 WP Sum 

its Aliquot-parts 1, 7, 49, 343 is the Square of 20. 
3 " XXVI. The 


Ariihmetical Problems. 
XXVI. The two Numbers 99, 63, have this Qua- 
lity, that ( 57 ) the Sum of the — of the firſt, 


1,3,9, 11, 33, ſurpaſſes ( 41) the Sum of the Aliquor- 
rts of the ſecond, I, 3, 7, 9,21, the Square-num- 


16, the Root of which is Four. The ſame is the con- 
dition of 325 and 175 ; for the Sum of the Aliquor-parts 
of the firit exceeds that of the Aliquot- parts of the other, 
by the Square · number 36. x 

XXVII. The Sum of Two- numbers that differ by U- 
nity, is equal to the ifference of their Squares; and the 
Sum of the Squares of their Triangular- numbers is like- 
wiſe a Triangular- number. Thus 5 and 6 make the Sum 
It equal to the difference of their Squares 25, 36, and 
their Triangular-numbers 15, 21, are ſuch, that 666 the 
Sum of their Squares, 225, 441, is likewiſe a Triangular- 
Number, the fide of which is 36. 

XXVIII. The two Triangular- numbers, 6, 10, of the 
Two-numbers, 3, 4. the Differenceiof which is likewiſe an 
Unity, have this Quality, that their Sum 16, andy their 
Difference 4, are Square- numbers, having 4 and 2 fot 


Roots; and 1 36 the Sum of heir Squares ( 36, 100) is a 


Triangular- number, the fide of which 16 is likewiſe a 
nare-number, the Root of which is at the ſame time 

a Square number, having 2 for its ſide or Root. 
be ſame is the Quality of the two other Triangular 
Numbers, 36, 47, the ſides of which, 8, 9, differ only by 
Unity, for their Sum 81, and their Difference 9, are 
Square- numbers, the Roots of which are 9 and 3, and 
3321 the Sum of their Squares (1296, 2025) is a Trian- 
pular-number, the ſide ot which is 81, and that has its 

Square Root 9, which again is the Square of 3. 

There are many other Triangular- numbers of this 
Quality, that may be found our by ſubſtracting and add- 
ing any Square-number to irs Square, the halves of the 
Remainder and of the Sum being the two Triangular: 
Numbers demanded. For Example, if you ſubtract 8 
the Square- number 16 from and add it to, its Square 
256, half the Remainder 240, and half the Sum 272, 
preſent, us with 120, and 136, for the two Iriangular- 


numbers thought for, the ſides of which are, 15, 16, the 


difference confiſting ſtill in Unity. TAO! 
Theſe rwo Triangular-numbers thus found, have this 


farther Qual ty, that the 7 of 3 is always 
A . the Difference of thei es 18 
ä yt 
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likewiſe a Square- number; and withal their Sum is 4 
Biquadrate, equal to the Square of their Difference, and 
at the ſame time to the fide of the Triangular-number that 
compoſes the Sum of their Squares. 

XXIX. The Difference of the Squares of two Num- 
bers in a duplicate Ratio, is equal to the Sum of their 
Cubes divided by the Sum of their Two. numbers, and 
chat very Sum of their Cubes is the third of a Cube. 

Accordingly, 4 and 8 being in a duplicate Ratio, the 
difference 48 of their Squares, 16, 64, is equal to the 
Quotient reſulting from the Divifion of 576 (the Sum of 
their Cubes, 64, 512 ) by 12 the Sum of the Two-num- 
bers, and the very Sum of their Cubes 576 is the third part 
of the Cube 1728, the Root of which 12 is always equal 


to the Sum of the Two-numbers. 


I ſhould never have done, if I pretended here to ferch 
in all the Properties of Numbers, which indeed are infi- 
nite, and upon that conſideration | ſhall now conclude this 
Problem with the Table of the Prime-numbers that I 
promis d above, | 


Table 


112311447 
11291451 
115111453 
1153/1459 
147111759 
1481017 


389 541929 


6539471231 
65909531237 
6619671249 


12831579 


1289 
1291 
1297 


1301 1670 


1303 
1307 


1319/1619 


1421 


132711627 
136111637 
13677657 
137311663 
106911381 
10871399 


1423 
1429 
1439 


1483 
I 487 
1489 


493 — 
1499/1801 


ra 


151¹ 1823 
12231523 


1531 
1543 
1549 


135301871 
155911873 
156711877 
157111879 


2.374 


1693 


2377 
21281 
23832757 

2711 


1733 


1747 
1753208302389 
203712393 


20892399 


2411 
2417 
2423 
2437 
2441 
2447 
2459 


186712161 
4 WES: 


2203|2521 
2207 2531 
B 4 
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Table of the Prime Numbers between 1 and 16066, 


221302539 
221102543 
22372549 
2239 2551 
2243 2557 


2251 
2267 
2269 


2281 
2237 
2293 
2297 


2309 


—— ,2659 
2003|2333 2663 
1697 2011[2339/2671 
1699 201712341 
1427] —— 202712347) 

[709 2029[2351 
143311721 20392357 


2371 


1467 
2473 
2477 


2503 


| 
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Table of the Prime Numbers between 1 and 10000. 
5323| 568316053 | 6379 


3191 
jt 
3209 
3217 
2221 

3229 
3251 

3253 
3257 
3259 
3271 

3299 


— — 


ol 
— * 3631 
331313637 
3319 | 3643 
3323 1 3959 
3329 
3331 
3343 
33 17 
3359 
3361 
3371 
3373 
2389 
3391 


3497 


3571 
3581 
3583 


3673 
3391 


3719 
3727 
3733 


353313877" 
353913881 
354113339 
3547|— 
355713997 | 
3559 911 


4229 
4231 
4241 
4243 
4253 
4259 
4261 
4271 
4273 


3917 
3919 


3593 


3697 
3613 
3617 
3623 


| 


3671, 


3923 | 
3929 
3931 
3943 
3947 
3967 
39894337 
4339 
4001 14349 
4003 14357 
4007 [4363 
3013 14373 


4283 
4289 
4297 


3677 
369714049 


370114057 
3709 


4019 [4391 


4021 14397 
4027 


4409 
4421 
4423 
4441 
4447 
4451 
4457 
4463 
4481 
4483 
4493 


40351 


4073 
4079 
4091 
4093 
4099 
4111 
4127 
4129 | 
4133 
4739 
4153 
4157 14519 
41539 [4523 
4177 14547 

4549 
4201 4561 
4211 [4567 
4217 


4507 
4513 
4517 


4583 
4219 14591 


4337 


4597 
4603 
4621 


4663 


| 
4703 
4721 
4723 
4729 
4733 
4751 
4759 
4783 
4787 
4789] 
4793 
4799 


4801 
4813 
4817 
4831 
4861 
487¹ 
4877 
4889 


| 


4903 
—4 
4919 
4931 


4933 
14937 
4943 
4951 
14957 


5021 


4673 $023 
4679, 5039 
36915051 


5059 
5077 5441 


3099, 


5119 
3147 


3393 
3309 


5333 3689060676389 


5347569306072 16397 


5381 
5385 
5393 
5399 


57016089 
571106091 
5717 
5737/6101 


7275 


15407] 


3413 


8 * 
5437 


* 


5477 


3501 


3503 
3507 


5591 


5623 


5747061 13 
57436121 
6131 


5749 
6133 


6143 
6151 


58010/6173 
580406197 
381306199 


15397 


321 
3827 6203 
6211 


5851 
5857 
5861 
5867 
5869 
5879 
5881 


5903 


5287 


5939] 
595316 23 
598116329 
6337 
343 
6007635 
6011/6353 
60296359 
60376361 
504306367 


| 


604716373 


$351] ——1[6079 |” 


6428 


| 6427 


6449 
6451 
6469 
6473 
6481 
6491 


6779 
6781 
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Table of the Prime Numbers between 1 and 100005 


6791 
56793 


6803 

6823 

6827 
6829 
6833 
6841 
6857 
6863 | 
6869 
6871 
6883 


7109 
7121 
7127 
7129 
[7151 
7159 
7177 
7187 
715 


7207 
7211 
6 7213 
— 97129 
6 7229 
_ 7237 
6917 | 7243 
6947 | 7247 
6949 | 7253 
6959 | 7283 
6587 7297 
6967 | —— 
6971 
6977 
6983 
6991 
6997 


700 
7013 
7019 
7027 
7039 
704374 
257 


7207 
7309 
7321 
7331 
7333 
7349 
735! 


7079 | 7451 


mn | 74.37 


7103 


7369 
7393 
| — [7687 
1117691 
705774177699 
706917433 


7459 
7477 
7481 
7487 
7489 


— 


7507 


7523 
2529 
17537 
17541 
7547 


7561 
7573 
7577 
7583 
7589 


| 


7603 
7607 
7621 
7639 
7643 
17649 
7669 
7673 
768 


| 7499 


7349 
14244 


7591 


77%7 
774! 
7753 


| 7823 


4 


8011 


7757 
7759 
78918123 8461 
” 


— 


1751717 


17927 


87272 17 


80170835308 
8039.836386 
8033 8369 
90590377 870790139349 
— 8069 
7755 8081 £4 
7717\ 80871-8731 


! 772.3 808908419 


9093/8423 
— 8429 
810108431 
81118443 
81178447 


81478467 
8161 | 
8501 
$513 


8761 
8779 
8783 


8803 


8599 


$317; 
8329 8 


$713 
$719 


8387 


B 3 


971888 yi 
3893 — 


9239 


8971 


9241 


9281 


8951 (9283 
8963 9293 | 
8969| —— 


19323 


933719 


9341 


992919371 
904119377 
9043'91931 


9257 
9277 


9311196 
9319 


8737 90499397 
874109059 
87479067 9403 
875309091 9413 
— 9419 
910309421 
910919431 
— 21279433 


9461 


9491 


9511 
95211 
9533 
9539 
9547 
9551 
9587 


960 
9613 


9463 
9467 
9473 
9479 


2497 


9719 
9721 
9733 
9739 
9743 


21 
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PROBLEM VI. 
Of Right Angled Triangles in Numbers. 
BY a Rectangular Triangle in Numbers, we mean 


three unequal Numbers, the greateſt of which is ſuch 
chat its Square is equal to the Square of the other two, 


Such are 3, 4, 5, for 25 the Square of 5 the greateſt, 


which we call the Hypothenuſe, is equal to the Sum of 9 
and 16, the Squares of the ether Two. numbers, 3, 4, 
which we call the Sides, taking one for the Baſe of the 


Right Angled-Triangle, and the other for the Altitude, 


eight. Half the Product of the Baſe and the Alti- 
tude, is calld the Area, and is always diviſible by 3. 
The Reader will obſerve all along that by the Product 
of Two-numbers, we underſtand the Number ariſing 
from their mutual Multiplication. 
© There's an infinite number of Right- Angled Triangles, 
of divers ſorts, both in whole and in broken or Fractional- 
numbers, bur we generally conceive them in Integets, 
among which the firſt and the leaft of all is that now 
mention d. 3, 4, 5, Which has an infinity of fine Properties, 
bur *twould be tedious ro enumerate em, and therefore 1 
ſhall content my ſelf with obſerving, that the Sum ( 216) 
of the Cubes ( 27, 64, 125) of the two ſides, 3, 5. and of 
the Hypothenuſe (5) is a Cube, the Root or Side of which 
(6) is equal to its Area, | 

To find in Numbers as many Right- Angled Triangles 
45 you mill: Take any Iwo numbers, for Example 2 and 
3, which we call Generating- Numbers, multiply em the 
one by the other, and (12) the double of rheir Product 
(6) is the fide of a Right-lined- Triangle, the other fide 
being equal to (5) the difference of the Squares (4, 9) of 
the Generating-numbers, 2, 3, and the Hyporhenuſe being 
equal to (13) the Sum of the ſame Squares, 4,9. And thus 
you have this Right-Angled- Triangle 5, 12, 13, for 169, 
the Square of the Hypothennſe 13, is equal to the Sum 
of 25, 144, the Squares of the two Sides 3, 12. 

The firſt Right-Angled- Triangle, having 1, 2, for its 
Generating-numbers is ſuch, that the difference of the 
two Sides 3, 4, is 1; and if you want to find another of the 
ſame Quality, take 2 the greateſt of theſe wg" 

| umbers 
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Numbers for the leaſt of the Two in the Triangle de- 
manded; and in order to find the greateſt for this ſecond 
Triangle, add i the leaſt of the firlt to 4 the double of the 
prac of the firſt, and ſo you have 5 for your greateſt 

nerating-number of the ſecond Right-angled Triangle, 
which conſequently is 20, 21, 29, Where the difference of 
the two Sides 20, 21, is again I. 

If you deſire a third Right-angled-triangle of the ſame 
Quality, make uſe of the laſt 20, 21, 29, after the ſame 


manner as you did the firſt, taking its greateſt Generating |, 


Number for the leaſt of the Third, and adding its leaſt 
to the double of the greateſt, for the greateſt of this your 
Third gy ; and ſo obſerving the ſame Method you 


may find à fourth, fifth, &c. as appears by this Table, 
Sides Hypoth. Generat-numb, 
3 . 4 5 — 
20 21 29 2 3 
119 120 169 3 12 
696 697 1025 249 
4059 4060 5741 29 70 


23660. 23661. 33461. 70. 169. 


The firſt Right - angled- triangle 3, 4, 5, has likewiſe this 
. Quality, that the Exceſs of the Hypothenuſe 5 above the 

Side 4, is alſo 1, for as much as the difference of the two 
Generating-numbers is 1, and for this reaſon you may find 
an infinite number of other Right-angled-triangles of this 
Quality, if for their Generating-numbers you take rwo 
- that differ only by Unity, as you ſee in this Table. 


Baſes Altitude, Hypotb. Generat-numb 


3 4 3 7 2 

3 12 13 3 

7 24 25 13 

9 49 41 8 
11 60 61 « 6 
14 94 35 6 7 


Here you ſee the firſt Differences of the Baſes, 3, 5, 7, 
9, Sc. are equal, and the ſecond Differences of the Alti- 
tudes, 4, 12, 24, 40, Ge. are likewiſe equal; and the 


ſame is the caſe of the Hypothenules, 5, 13, 35, Ge. 
B 4 5 Here 


*. 
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Here the Baſes are odd Numbers, and if you would have 
em the 1 pra of theſe odd Numbers, only take the Alti- 
rudes and Hypothenuſes for the Generating-numbers of 
— Triangles you propoſe, which by conſequence will run 

us 


Baſes Heights Hypoth. Gen. numbi 


9 40 41 " EE 

25 312 313 12 13 

49 1200 120 24 25 

$1 3280 3281 40 41 

vr 7320 7321 60 61 
169, 14280, 14281, 84. 385, 


If inſtead of one fide you would have the Hypothenuſe to be 
the Square-number, then your Generating-numbers muſt be 
the Sides of a Right-angled-triangle, as in the following 
Scheme, where you ſee the Hypothenuſe is the Square of 
the greateſt Generating-number, with the addition of 1, 


Sides Hypoth. Gen. numb. 

7 24 25 „ 

— 120 169 5 11 
336 527 625 —_ 
720 1519 1681 9 40 
1320 3479 3721 11 60 
2184 6887 7225 13 84 


The Right-angled Triangle, 21, 28, 35, has this Quality, 
that the rwo Sides 21, 28, are Triangular-numbers, the 
Sides of which, 6 and 7, differ = by Unity, and the 
Square (1225) of the Hypethenuſe (35) is likewiſe a 
Triangular-number, the Side of which is 49. 

The ſame is the Quality of the Triangle 820, 861, 
1189, as alſo of the Triangle 28441, 28680, 40391, and 
of others. | : 

The following Right-angled Triangles, which may be 
continued in Infinitum, are ſuch that their Baſes and Hy- 

thenuſes are Triangular-numbers, and their Heighths 
Cubick-numbers 1807S N oooer 


* 
— 4. 
7 
2 


| Baſes 
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36 27 
120 64 
290 127 
630 216 
17 343 


You may find as many ſuch Triangles as you will, by ad- 
ding and ſubtracting a 3 from its — 4 
for in the addition half the Sum is the Hypothenuſe, and in 
ſubtracting half the Remainder is the Baſe, the Heighth 
being equal to the Cube of the Root of the firſt Square- 
number: or, which is the ſame thing, by taking for the 

ting numbers the Triangular numbers in order, 
as you ſee in the 2 . Ang om = m Gene- 
rating-numbers of one Right langle is the grea- 
teſt of the preceding Triangle. hoy 


( 


PROBLEM VII. 
Of Arithmetical Progreſſion. 


BY Arithmerical Progreſſion, we mean a Series of Quan- 
tities call'd Terms, that riſe n an equal 
Exceſs, as 1, 3» 5, 7, 9, Il, Ge. where the Exceſs is 2, 
or 1, 4, 7, 10, 13, 16, Sc. where the Exceſs is 3; or 2,6, 
10, 14, 18, 22, Sc. where they riſe by 4 at a time. 
8 P Arithmetical Progreſſi 
e principal Property of Ari ica on, is 
this. Take three continual Terms , as 6, 10, 14, the 
Sum (20) of the rwo Extremes (6, 14,) is equal to the dou- 
ble of the Middle-term ( 10.) Take four continual 
Terms, as 6, 19, 14, 18, the Sum (24) of the two Ex- 
' tremes ( 6, 18) is equal to that of the two Middle-terms, 
(70, 14.) In fine, in a larger Number of continual 
erms, fix for Inſtance, as 2,6, 10, 14, 18, 22, the 
Sum (24) of the two Extremes (2, 22) is equal to that 
of any two Terms that lie at an equal dittance from 
them, as 6, 18, and 10, 14. From whence tis eaſie to 
conclude, that when a multitude of Progreſſive Terms 
+ TS i 2 | 18 
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is an odd Number, the Sum of the Extremes, or of thoſe 


equally remote, is the double of the Middle-term, as in 
theſe five Terms, 2, 6, 10, 14, 18; for the Sum (20) of 
the Extremes 2, 10, 18, or of the two equally remote, 6, 
14. is the double of he Middle-term, 10. 

You may readily find ſuch Numbers as have this Qua- 
lity, that the ſum of their Squares makes a Square-num- 
ber, or, which is the ſame thing, the Sides of a Right-an- 

led Triangle in Numbers; and that by vertue of this 
Couble Arithmetical Progreſſion, 1+, 2+, 3+, 4*, Sc. where 
the Excels is 2 in Fractions, and 1 in Whole-numbers, for 
if you reduce the Integer with its Fraction to a FraCtion 
only, as 1+ to +, the Numerator 4 and the Denominator 
3 will be the Sides of the Right-angled Triangle 3, 4, 5 ; 
and in like manner if you reduce 2+ to; ( which is done 
by multiplying the Whole-number 2 by the Denominator 
5, and adding to the Product 10 the Numerator 2) the 
Denominator 5 and the Numerator 12, will be the Sides 
of the Right-angled Triangle 5, 12, 13. And fo of the 


| reſt, Here you may ſee any odd Number may be one of 


the Sides of a Righr angled Triangle in Whole-numbers. 
Inſtead of the double Arithmetical Progreſſion, you 


may make ule of this, 13, 2 , 377, 42, 524, Gc. where 


the Exceſs is 4 in Fractions, and i in Whole-numbers, fur if 
ou reduce 15 to r the Denominator 8, and the Nume- 
Tator 1+, will be two Sides of the Right=angled . 
8, 15. 17; and in like manner if you reduce 2 to , 
Denomirator 12, and the Numerator 33, will be two 
Sides of another Triangle 12, 35. 37. And ſo on. Here 
ou ſee any odd Number may be one of the Sides of a 
Right- Angied Triangle in Whole-numbers. 

In an Arithmetical Progreſſion, the Sum of the Terms 
is equal to the Sum of the rwo Extremes, multiplied by 
half the number of all the Terms. And for this Reaſon, 
in order to find the Sum of any number of Terms in Arithme- 


- tical Progreſſion, for Example, the Sum of theſe eight, 3, 


5. 7, 9, 11, 13, 15, 17, you mult multiply the Sum (20) 
of the two Extremes (3, 17) by the number of the multi- 
rude of the Terms (8) for then half the Product (8 o the 
half of 160) is the Sum you inquire for. 

If on the other hand you know the Sum of the Terms, 
the firit Term it ſelf, and the number or multitude of the 
Terms, you may find out what the Terms are, by tracing 
the Exceſs in this manner. Suppoſe the given Sum - the 

| crms 
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Terms to be 80, the Number of em 8, and the firſt 
Term given 3, divide ( 160 ) the double of the Sum gi- 
ven (80) by the Number given (8) then ſubtract from 
a0 the Quotient, 6 the double of the firft Term given 3, 
and at laſt divide the remainder 14 by the given Number 
wanting 1, that is 7, and the Quotient 2 is the Exceſs 
on look for, which added to the tirſt Term gives you 5 
or the ſecond, and added to the ſecond 7 for the third, 
and ſo on. 
If the Sum of the Terms, their Number, and the Ex- 
cels be given, we find out the firſt Term, and by conſe- 
quence all the red after the manner of the third Queſti- 
on enſui 
Queſtion I. 4 Gentleman barg aint with a Bricklayer to 
bade a Well ſunk upon theſe Terms; he's to allow him three 
Livres for the firſt Toiſe ( a Toiſe is 6 Foot) of depth, 5 for 
the ſecond, ſeven for the third, and ſo on, riſing two Livres 
every Toiſe till the Well is twenty Toiſes deep: Query, how 
much will be due tothe Bricklayer, when be bas dig d twenty 
Toiſes deep d 
To reſolve this Queſtion, multiply the 2 Livres Augmen- 
tatian-Mony at every Toiſe, by the number of the Toiſes, 
bating 1, that is by 19, to the Product 38 add 6 the dou- 
ble of 3 the number of Livres promis'd for the firſt Toile, 
then multiply the Sum 44 by balf the number of all the 
T aiſes, viz. 10, and the Product ſhews you 444 Livres 
due to the Bricklayer for ſiaking the Well 20 Toiles deep, 
Queſt. II. 4 Gentleman travelld 100. Leagues in eight 
Days, and every Day travell d equally farther than the pre- 
ceding Day. Now it being diſcover'd that the firſt Day be 
travell d two Leagues, the Queſtion is how many Leagues be 
travell d on each of the other Days. 

- To reſolve this Queſtion, divide 200 the double of the 
Leagues given 1900, by 8 the number of Days given, and 
from the Quotient 15, ſubtract 4, the double of 2 the gi- 


ven number of Leagues that he travell'd the ficſt Day. Divide 


the Remainder 21 by 7, the given number of Days wanting 
one; and the Quotient 3 ſhews that he travell'd every Day 
three Leagues more than the Day before, from whence tis 
eaſy to conclude, that ſince he travell'd 2 Leagues the firſt 
Day, he travell'd 5 the ſecond, 8 the third, and ſo on. 

. Queſt. III. A Traveller went 100 Leagues in & Days, 
and every Day three Leagues more than the preceding Day. 
"Tis Ad how many Leagues he travell d a Day ? Eg? 

| vide 


28 


Mathematical and Phyſical Recreations. 


Divide 200 the double of the Leagues given 100, by 8 
the number of Days given, and from the Quotient 23 
ſubtract 21, the Product of 3 the number of the daily 
increaſe multiplied by 7 the given number of Days 
bating one. The Remainder being 4 half ir, and that 
ſhews you he traveld 2 Leagues the firſt Day; from 
whence tis eaſy to gather that be travell'd 5 the ſecond, 

8 the third, and ſo on. 

Queſt. IV. A Robber being purſued travell'd 8 Leagues 
a Day; an Archer, who was the pager, made but 3 Leagues 
the firſt Day, 5 the Second, 7 the third, and ſo on increaſing 
2 Leagues every Day. The Queſtion is in how many D ays the 
Archer will come up with the Robber, and how many Leagues 
they will have travel d? 

To reſolve this and ſuch like Queſtions, add 2 the num- 
ber of the daily increaſe of Leagues, by the Archer, ro 16 
the double of 8 the number of Leagues made every Day 
by the Robber: From the Sum 18 ſubtract 6 the dupli- 
cate of 3 the number of Leagues thar the Archer trayel'd 
the firſt Day. The Remainder 12, divide by 2 the num- 
ber of the Archer's daily increaſe; and the Quotient 6 
will ſhew you, that the Archer will come up with the Rob- 
ber at the end of fix Days, and conſequently both of 
em mult by that time have travel'd 48 Leagues, for fix 
times 8 is 48, and the fame is the Sum of theſe fix Terms 
of Arithmetical Progreſſion, 3, 5. 7, 9, 11, 13. 

Queſt, V. Well ſuppoſe, 'tis 100 Leagues from Paris 
to Lions, and that two Couriers ſet out at the ſame time, 
and took, the ſame Road; one to go from Paris to Lions, ma- 
king every Day 2 Leagues more than the Day before, and the 
other from Lions 7o Paris travelling every Day 3 Leazuet 
Farther than the preceding Day; And that they met exatily 
balf way, the firſt at the end of 5 Days, and the other at the 
end of four Days. Query, how many Leagues th:ſe two Cou- 
riers travell d each Day? 

To find how many Leagues the Courier travel'd eye- 
ry Day that was 5 Days upon the Road before he mer rhe 
other; ſubrra& 5 rhe number of Days from 25 the Square 
of it, and having multiplied the Remainder 20 by a 
the number of the daily increaſe of Leagues for this 
Courier; ſubtract the Product 40 from loc, the num- 
ber of Leagues between Paris and Lions; and divide the 
Remainder 60 by 10 the double of 5 the number of Days; 


and the Quotient 6 will ſhew: you, that the Courier 5 
5 vel 
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vel'd 6 Leagues the firſt Day, and conſequently 8 the ſe- 


cond, 10 the third 1 12 the ourth, and 1 4 the fifth. — 


In like manner with reference to the other Courier, 
that arriv'd half way in 4 Days, ſubtract 4 the number of 
Days from 16 its own Square, and having multiplied the 
Remainder 12 by 3 the number of his daily increaſe of 
Leagues, ſubtract the Product 36 from 100, the diſtance 
of Leagues from Paris to Lions; and divide the Remain- 
der 64 by 8 the double of 4 the number of Days, and the 
Quotient 8 will ſhew you that this Courier travel'd 8 
Leagues the firſt Day, and conſequently 11 the ſecond, 
I4 the third, and 17 the fourth, 

Queſt, VI. There's 4 hundred Apples and one Bazket, 
ranged in a ſtrait Line at the diſtance of a Pace one from 
another ; the Queſtion is, how many Paces muſt be walk, 
that pretends to gather the Apples one after auother, and ſo 
put on into the Basket, which is not to be mod d from its 

ace 
p 'Tis certain, that for the firſt Apple he muſt make 2 
Paces, one to go and another to return; for the ſecond 4, 
two to go, and two to return; for the third 6, three to go, 
and ſo on in this Arithmetical Progreflion, 2, 4, 6, 8, 
10, Sc. of which the laſt and greateſt Term will be 200, 
that is, double the number of Apples. To 200 the laſt 
Term, add 2 the firſt Term, and multiply the Sum 202 
by 50, which is half the number of Apples, or the 
number of the multitude of the Terms; and the Product 
10100 will be the Sum of all the Terms, to the num- 
ber of Paces demanded, : 


PROBLEM VIII. 
Of Geometrical Progreſſion. 
Y Geometrical Progreſſion we underſtand a Series of 


ſeveral Quantities that grow or riſe continually thro 
the multiplication of one and the ſame Number, as 3, 6, 


B 


12, 24, 48, 96, Se. where each Term is the double of 


the precedent Term; or, as 3, 6, 18, 54, 162, 486, Ge. 
where each Term is the triple of its Antecedent. And fo 

rde principal P of Geometrical Pr 
he principal Property eſſion, is, 
that in three Forma continually — 12, 
the 
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the Product 36 of the two Extremes, 3, 13, is equal to 
the Square of the middle Term 6: And that in four 
Terms in continual Proportion, as 3, 6, 12, 24, the 
Product 72 of the two Extremes 3, 24, is the ſame 
with the Product of the two means, 6, 12: And in fine, 
That in a greater number of Terms in continual oper: 
tion, as in theſe fix, 3, 6, 12, 24, 48, 96, the Product 
238 of the two Extremes 3, 96, is the ſame with that of 
12, 24, two equally remote from it. From hence tis 
eaſy to conclude that when the number of the Terms is 
odd, this Product is equal to the Square of the Mean, as 
in theſe five Terms, 3, 6, 12, 24, 48 ; for 144 the Pro- 
duct of the two Extremes 3, 48, or of the two equally re- 
more, 6, 24, is the Square of the Mean 12. 

Thus you ſee that what Arithmetical Progreſſion has 
by Addition, Geometrical Progreſſion has it by Multipli- 
cation: But there's another conſiderable difference be- 
tween theſe two Progreſſions, conſiſting in this; that in 
Arithmetical Progreſſion the Differences of the Terms are 
equal, and in Geometrical Progreſſion they are always un- 
equal, and keep up among themſelves the ſame Geome- 
trical Progreſſion, by continuing in inſinitum, the Diffe- 
rences of Differences, without ever coming to equal Diffe- 
rences. Accordingly we ſee in this Geometrical Progreſſi- 
ons 2, 6, 18, 54, 162, 486, the Differences of the Terms 
make jutt ſuch another Geometrical Progreſſion, 4, 12, 36, 
108, 324 ; and in this laſt Progreſſion the Differences of 
the Terms make again the like Geometricah Progreſſion, 
8, 24, 72,216, and ſoon, 

In three Proportional Terms, ſuch as 2, 6, 18, the 
Cube 216 of the Mean 6, is equal to the ſolid Product of 
the three Terms multiplied together: And in four Num- 
bers in continued proportion, ſuch as 2, 6, 18, 54, the 
Cube 216 of the ſecond 6, is equal ro the ſolid Product 
ariſing from the Multiplication of 54, the fourth Term, by 
the Square of the firſt z ; and in like manner 5832 the Cube 
of the third Term 18, is equal to the ſolid Product of the 
firſt Term 2 multiplied hy 2516 the Square of the fourth 4. 

From what has been ſaid tis ealy to find a Geometrical 
Mean proportional bteween two Numbers given, by multi- 
plying the one Number by the other, and extracting the 
quare Root for the Mean proportional: And tis equally 
eaſy to find two Means in continued Geometrical Proportion 
to two Numbers given, as 2 and 54; by multiplying = 
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Laſt 54 by the Square of the firſt, and extracting the 
Cube Root (6) of the Product (216) for the firſt Mean 
proportional, which multiplied by the ſecond Number 
54, makes 324, and 18 the Square Root of that Pro- 
duct is the ſecond Mean proportional. 

But to find an Arithmetical Mean Proportional to 1480 
Numbers given, take half the Sum of the two Numbers 
for the Mean required; as in 2, 8 given, 5 the half of 
10 is the Mean: And to find two Arithmetical Means in 
continued Proportion as between 2 and 11, we ſubtract 
the leaſt Number 2 from the greateſt 11, and add 3 a third 


part of the Remainder 9, to the leaſt Number 2, which 


gives us ; for the firſt Mean; as the addition of 6, the 

double of that third part, to the lame leaſt Number 2, does 
8 for the ſecond. Or, if you will, you may add 4, the double 
of the leaſt 2, to ii the greateſt, and reciprocally 22, the 


double of 1 1 the greateſt, to 2 the leaſt, and the thirds of the 


two Sums make 5 and 8 for the two Means demanded. 
"Tis evident that all the Powers of the ſame Number, 

as 2, riſing in order, make a Geometrical Progreſſion, 

ſuch as this, where you ſee the Exponents of the Powers 


(1) (2) (4) | (8) 
2 4% d, 16, 32, 64, 128, 256, T6 
WE. I I 
5.3 17 257 


(1) (2) (4) (8) are the Terms of a Geometrical Pro- 
portion, viz. 2, 4, 16, 256, Sc. and all the Powers are 
ſuch that it you add an Unit ro each of 'em, the Sums 3, 
5, 17, 257, Se. are prime Numbers: And fo tis eaſy 
to find a prime Number greater than any Nmuber given. 

If you continue a Geometrical Progteſſion upon the de- 
creaſe in infinitum, as 6, 2, 2, +, Sec. the Difference 
4 of the two firit Terms 6 and 2 is to the firſt 6, as 
the ſame Number s is to the Sum of all the infinite 
Terms. And therefore, to find the Sum of all the infinite 
Terms of a decreaſing Geometrical Proportion, as that above, 
you mult divide 36 the Square of the firſt Term 6, by 4 
the Difference of the two firſt Terms, and the Quotient 9 
is the Sum you want. If you take from this Quotient, 
3 the Sum of the two firſt Terms 6 and 2, the remain- 
der 1 is the Sum of the infinite Fractions continually pro- 
portional, 4, 3, 25, Cc. And by the ſame means we 
are taught that the Sum of other infinite Fractions in con- 


tinued 
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tinued Proportion, amounts likewiſe to 1. This Ru'e 
gives the Solution of the following Queſtion: But before 


ſe it, I mult acquaint you, thar, 

"When we ſpeak of Quantities in Proportion, without 
ſpecifying, we always mean Geometrical Proportion. 
Here I muſt obſerve by the by, that taking an Unit 
for Numerator, and the natural Numbers, 1, 2, 3, 4, 
5, Oe. for Denominators, if you make the following Se- 
ries of Fractions, + + + 4 +, Sc. which ſtill decreaſe, theſe 
three taken conſecutively from three to three at plezſure, 
will be in Harmonick Proportion; that is, the firſt of the 
three will be ro the third, as the difference of the two 
firſt is to the difference of the two laſt ; as will better ap- 
pear by reducing theſe Fractions to the ſame Denomina- 
tion, or to Integers, by multiplying them by the Num- 
ber 60, which is diviſible by all the Denominators 
4, 3, 4, 54 for inſtead of the five Fractions you have the 
five Whole-numbers, Co, 30, 20, 15, 123 of which the 
three firſt 60, 30, 20, are fairly in Harmonick Proportion, 
for the firſt 60 is to the third 20 which is its third part, as 
30 the difference of the rwo firſt is to 10 the difference of 
the two laſt, which is likewiſe the third part of go. By 
the ſame conſideration you will perceive that theſe three, 
30, 20, i5 are in Harmonick Proportion as well as the o- 
ther three 20, 15, 13. 

Queſtion, A great Ship purſues 4 little one, ſteeri 

the ſame tway, at the diſtance of four Leagues from it, ay 
fails twice as faſt as the ſmall Ship. Tis ad bow far the 
great Ship muſt ſail before it overtakes the leſſer. 
The diſtance of the two Ships being 4, and their Ce- 
lerities being in a double Ratio, continue in inſinitum, the 
double Geomerrical Progreſſion, 4, 24 t, , Sc. the 
firſt and the greateſt Term of which is 4; and find the 
Sum of all the infinite Terms, by dividing 16 the Square 
of the firſt 4, by 2 the difference of the two firſt, and 
the Quotient 8 directs that the great Ship muſt make 8 
Leagues before ſhe can come up withthe orher. 


PRO: 
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PROBLEM IX 
Of Magical Squares. 


BY a Magical Square we underſtand a Square divided 
into ſeveral other ſmall equal Squares, fil'4 with 
Terms of an Arithmetical Progreſſion, ſo tranſpos d, that 
all of the ſame Lin or Rank, whether longitudinal, 
tranſverſe, or diagonal, make the ſame Sum, 

This is the Square 
here annext, divided | 
into 25 little Boxes or | It | 124 | 7 | 20 
Squares, in which the |: 
firſt 25 natural Num- 4 | 12 | 
bers are ſo tranſpos'd, 
that the Sum of each | | ; | 
Rank from above | 3 : 


— 
Q 


downward, or from 
the right to the left, 
or along the Diagonals | ———— a 
.or Diameters of the 23 | 6 | 19 | 2 15 
Squares, is every way _ 1_ ld 
65 ; which Sum 65 is PR: . 
in all an odd ſquare Number, that is, it contains an odd 
ſquare Number of Places, viz. 25. and is equal to the 
Product ariſing from 5, the Root of the ſquare Number 
25 ; multiply d by 13 the middle Term of the Arithmetical 
Progreſſion, 1, 2, 3, 4, Ge. ; ; 
his Sum is likewiſe found, by diſpoſing the given 
Terms of the Arichme- 
tical Progreſſion, ac- | 
cording to their natu- 1 | > | 3 | 4 | 3 
ral Series 1, 2, 3,4860. = — 
in the ſquare places, | 6 7 | 8 | 9 Io 
ES to 
the Sum of ca 
diagonal Rank, that | 42 | 15 | 74 | 5 
is, the Rank extending 


* 


Square to the other, 
is the Sum demanded. 
This will ligewiſe hold 


from one corner of the 16 | 17 | 18 | 19 | 5 


21 | 22 | 23 | 24 | 25 
_ in 
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in even Squares, or thoſe which contain an even ſquare 


Number of Boxes. 
In order to diſpoſe magically in the Boxes of an odd 


uare: For · Inſtance, that of 25 Boxes, having 5 for 


1 its Side; to diſpoſe, I ſay, as many given Numbers 


in Arithmetical Progreſſion, as, 1, 2, 3, 4, 5, and 
ſo on till you come to the laſt, and greateſt 25 : 
Write the firſt and the leaſt . under the 
middle Box, or that which poſſeſſes the Center of the 
uare; and moving Diagonal-wife to the Right, write 
the ſecond Term 2 in the adjacent Box, the lower- 
moſt of the next Right. Hand Rank. Here proceed 
ing in the courſe of the Diagonal from Left to Right 
you find no place for Number 3, and fo are to place 
it in the oppoſite or uppermoſt Box of the Rank into 
which it ſhould have fallen. In like manner, finding 
no place for 4, you are to place it in the oppoſite 
Box of the Rank that it falls to on the outſide, 


Tfaſa] 7-15 
+ | |25| 8 | 16] 
ns [ajuſs 


ro | 18/| I | 44 | 22 


2} 6% 2 | 1; 


Thus you continue proceeding ſtill diagonal · wiſe to the 
right; bur in regard 6 falls to a place that's already fill d 


| with 1, you muſt there take a retrograde diagonal-Courſe 


from the right to the left, and write 6 in the lowermoſt 
ſtation of the Rank in which the foregoing Term 5 was 


plac'd, and ſo there will remain an empty place berween 
5 and 6, This retrograde Courle muſt always be obſery'd 


when you fall in with a Station already pofſeſs'd. Con- 


tinue to place the reſt in order, according to theſe Rules, 


till you come to the Angle of the Square, where in this 
Example ſtands 15 : Then forafmuch as you can no lon- 


ger move diagonalwiſe to the right, you muſt place the 
| Term 
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Term 16 in the ſecond place ( from the top) of the ſame 
Rank; this done, the reſt may be placed as the former, 
without any Difficulty. | 

There are ſeveral Magical Diſpofitions both for odd and 
even Squares; but theſe being difficult ro underſtand, we 
reckon them improper for Mathematica! Recreations. 

This Square was call d Magical, from its being in great 
Veneration among the Egypti ans, and the Pythaporeans their 
Diſciples, who, to add more Efficacy and Virtue to this 
Square, dedicated it to the Seven Planets divers ways, 
and engrav'd it upon a Plate of the Metal that ſympathiz'd 


with the Planer. The Square thus dedicated, was inclos'd 


with a regular Polygon, inſcrib d in a Circle divided into 
as many equal Parts as there were Units in the fide of 
the Square; with the Names of the Angels of the Pla- 
net, and the Signs of the Zodiack written upon the void 
Spaces berween the Polygon and the Circumference of the 
Circle circumſcrib'd. Through vain Superſtition they be- 
lieved that ſuch a Medal or Taliſman would befriend the 
Perſon that carried it about him upon occafion. 

They attributed to Saturn the Square of 9 Places or 
Boxes, 3 being the fide, and 15 the Sum of Numbers in 
each Row or Column; to Zupiter the Square of 16 places, 
4 being the fide, and 34 the Sum of the Numbers in 
each Row; to Mars the Square with 25, 5 being the 
fide, and 65 rhe Sum of Numbers in each Rank; to the 
Sum the Square with 36, s being the Side, and 111 the 
Sum of each Row; to Venus that of 49, 7 being the Side, 
and 175 the Sum of Numbers in each Rank or Column; 
to Mercury that of 64, 8 being the Side, and 260 the Sum 
of each Column; to the Moon the Square with 8 
lodges, having 9 for its Side, and 369 for the Sum of 
each Column, | 

In fine, they attributed to imperfe& Matter, the Square 
with 4 Diviſions, having 2 for the Side; and to God the 
Square of only 1 Lodge, the Side of which is an Unit, 
which multiplied by it ſelf, undergoes no Change. By 
virtue of this Problem, we are taught to reſolve the fol- 
lowing Queſtion. 

Queſtion, To dram up in three Rankg the Nine firft Cards, 
from an Ace to a Nine, in ſuch a manner that all the 
Points of each Rank, taken either iſe or breadth= 
wiſe, or diagonal wiſe, may make the ſame Sum. 


C 2 | Diſpoſe 
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- Difpoſe the Nine firſt natural 

Numbers 1, 2, 3, 4, 5, 6, 7, 8, 9, 
| Magically, according to the Dire- 
| ctions laid down above, and as 
| you ſee it done here, and place 
| the Cards according to their Num- 


9 
» a 
- 


4 


LE 


9 


wh 
FI. 


5 | ber, anſwerable to theſe Figures. 
Inſtead of an Arithmetical Pro- 
greſſion, you may take a Geome- 
| trical; for inſtance, this double 
92 | 256 | 1 Progreſſion, I, 2, 4, 8, 16, 32, 64, 
138, 256, Se. and placing them 
4 | 16 | 64 | Magically, as above, youll find 
| the Product of each Rank wil 
be equal, viz. 4096. which is] 
the Cube of the Middle Term 16, 
Here we ſhall add by the by, 
07 one Square more of 9 Stations, in 
1260 840 | 639 | which the Numbers of each Rank 
- — — taken any way, as above, are in 
504 | 420 | 360 | harmonical Proportion ; and you 
- — K. as —— other — 
252 | of the ſame quality, as you will, i 
ED | x86 | | inſtead of the foregoing Numbers 
you put Letters, as you fee it 
done underneath, where the literal Magnitudes of each 
Rank are Harmonically proportional; and fo by giv- 
ing different Value to the three undetermin d A 
4, b, e, youll bave, inſtead of literal Quantities, Num- 
vers that will always preferve an Harmonick Proportion 
- In each Rank, 


1 8 I 


128 | I | 32 
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PROBLEM X. 
Of an Arithmetical Triangle. 


Y an Arithmetical Triangle we mean the half of a 
Square, like a Magical Square, divided into ſeveral 
ſmall and equal Stations or Points, which contain the 
Natural Numbers 1, 2, 3, 4 Ce. the Triangular Num- 
bers 1, 3,6, 10, Cc. which are ſorm d by the continual 
addition of the foregoing Numbers ; the Pyramidal 
Numbers 1, 4, 10, 20, &c. form'd by the continual ad- 
dition of the Triangular ; the Pyramido-Pyramidals x, 5, 
15, 35, Ge. form'd by the continual addition of the Pyra- 
midal; and ſo on, as you ſee in the following Cut. 
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Among the different Uſes of the Arithmerical Tri- 
angle, I ſhall only fingle our thoſe relating ro Combina- 
tions, Permutations, and the Rules of Game; the reſt 
being too ſpeculative for Mathematical Recreations. 

By Combinations we underſtand all the different Choices 
that can be made of ſeveral things, the Multitude of 
which is known, by taking them divers ways, one by 
one, two and two, three and three, Sc. without ever 

: raking the ſame rwice. | 

Of Combina- For Example, If you have four things expreſs'd by 
Nw" theſe four Letters, 4, b, e, d; all the different ways of 
joyning two of them, as ab, ac, ad, bc, bd, ed; or 
three of them, as abe, abd, acd, bed; theſe, I fay, are 
* call d Combinations. And from hence tis eaſie to appre- 
hend, that when Four things are propos d, you may 
take em one by one four ways; two and two fix ways; 
three and three four ways; and by fours only one way; 
| ſo that x in 4 combines four times; 2 fix times ; 3 four 

times; and 4 only once, Ws > > 
I Tþ find in a greater number of different things, ſuch 
28 the divers Combinations that may be made 
of by taking them divers ways, whether by Additzor or 
| Multiplication ; as, if you would know all the poſſible 
Conjunctions of the Seven Planets, taking them-rwo. by 
two; that is to fay, if you would know how often 2 
combines in 7 add an Unit to each of the'two Num- 
bers given, 2, 7, and ſo you have 3, 8, which gives us 
to know, that in the third Station (reck ning from be- 
low upwards, or from above downwards) of the cighth 
Diagonal of the Arithmetical Triangle, you'll have che 

Number of Combinations demanded, biz. 217 
Or elſe, the two Numbefs given being 2 and 2, add 
together all the Numbers of the ſecond „till you 
come at the ſeventh Diagonal, vix 1, 2, 
the Sum 21 is what you want. 


. 
N 


. ð — — — 


whatſoever. SY 2 
The two Numbers given being 2 and 7, to know how 2 

| often 2 the leaſt will combine in 7 the greateſt ; make of 'j 
them theſe two Arithmetical Progreſſions 2, 1, and 7, 6, 1 
which decreaſe by an Unit, and ought to have but two 
Ferms, that is, as many as the leaſt Number 2 has 17 
n 
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Then multiply together all the Terms of each Progreſſion, 
that is, 7 by 6, and 2 by x ; and divide the firſt Product 
42 by the ſecond 2, and the Quotient 21 ſatisſies the 


Demand. | 
By this, or the foregoing Method, ore diſcover, that 


3 combines in 7, 35 times; 4 likewiſe 35 times; 5, 22 © 


times; and 6 only 7 times. Whence it follows, that the 
Number of all the Combinations poſſible of ſeven diffe- 
rent things, taken one by one, by wos, by threes, by 
fours, by fives, by ſixes, and ſevens, 3 nount co 127, as 
appears by the addition of all the paiticalat Combinations, 
7, 21, 35, 35,21, 7, I, Which anſwer the Numbers 1, 2, 

„4, 5, 6, 7. Bur you may find this Total yet cafer, by 
orming this double Geometrical Progretiio7, 1 2, 4, 8, 
16, 32,64, conſiſting of ſeven Terms, an'wcravie to the 
number of things combined, viz. 7 ; for rhe um of theſe 
Terms, 127, is the Number you look for ; which may 
ſtill be found yet an cafier way, viz. Subtract 1 from 
the propos'd number of things 7, and the Remainder, 6, 
directs you to take the ſixth Power (64) of the Number 
23 and the double of that Power, bating an Unit, 127, is 
the Number deſired. 

Before I diſmiſs this Subject, I ſhall here ſer down two 
Methods peculiar ro 2 and 3, for finding out how often 
2 two Numbers may be 28 in any number of 
things. Suppoſe the number of things given is 7, you'll 
fad how often 2 will combine in ir, by ſubtracting the 
given Number 7 from its Square 49; and taking (21) 
the half of the remainder, 42, for the Number deſired. 
You'll find how often 3 may combine in 7, by adding 14, 
the double of 7 to 343, the Cube of the ſame given 3 
ber 7, and ſubtracting from the Sum (357 ) the triple 
( 147) of the Square (49) of the ſame Number (7) 
for then the ſixth part (35) of the remainder (210) 
ſhews you, that 3 will combine in 7 35 times, 
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There's another ſort of Combinations, that may be call'd Of pn 


if you would combine theſe three Numbers by two's, 2, 
5, 6, in order to know what different Quantities they 
can produce, if you conſider the two firſt thus, 25, you'll 
call em twenty five; if thus, 52, you'll call 'em fifty 
two; in like manner, the firſt and third taken thus, 26, 
is a quite different Quantity from the fame two taken 
thus, 62; and ſo of all others. From whence it ap- 

C4 pears 


Permutation, in which we take the ſame thing twice; as, . 


% 
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pears, that the Multitude or Number of Permutations is 
the Double of that of Combinations. | 
Permutations are of very good uſe in making Ana- 
ams, and ſometimes give very lucky Hits; as in the 
Word ROM A, the Letters of which being tranſpoſed 
make this other Word 4 MO R; but tis a much lnckier 
Hit that We meet with in theſe two Latin Verſes ; 


Siena te, ſigna, temere me tangis & angis 
22 hs ſubito motibus 12 2 ; ; 


the Letters of which being read backwards, form the 
A ſame Verſes. | 
We likewiſe make uſe of Permutations in playing at 
Dice, to know the Number of Chances that attend the 
engaging to throw with two Dice, 9 for Inſtance; it 
being certain, that the Perſon who engages has four 
Chances for it; for 9 may come up four ways, by qua- 
ee cinque, by cinque quatre, by tres fix, and again by 
ſex tres (according as the firſt or ſecond Dye happens 


| to appear.) 
E To pive the * Combinations of ſeveral Letters; 
: for example, theſe four AMOR, thar is, to find the 


Number of their fimple Permutations, by tranſſ 
them all poſſible ways; make this Arithmetical Prone 
ſion, conſiſting of as many Terms as there are Letters to 
combine together, which in this Example are Four; ſo 
that the firſt Term is always an Unit, and the laſt denotes 
the Number of Letters; then multiply together all the 
| Terms, and the Product 24, is the Number of Permu- 
I rations or different Changes that theſe four Letters AMOR, 
at can undergo, as you ſee here; | | 


F 


AMOR]}MARO]OAMR|ROMA 
AMRO|MAOR|OARM|ROAM 
AOMR|MOARjOMAR{|RMAO 
AORM|MORA|OMRA|RMOA 
ARMO|MRAO{|ORAM|RAMO 
AROM|MROAJ]JORMA|RAOM 
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By the ſame way do we find the number of Permuta- 
tions of any other number of Letters, viz. By making a 
Progreſſion of as many natural Numbers as there are 
Letters ro combine, and multiplying together all the 
Terms of the Progreſſion. Thus you'll find that Five 
Letters may be tranſpos d 120 ways ; Six 720; and fo 


on, 2s in the following Table, where you ſee the Twen 


Three Letters of the Alphabet may be combine 
25852016738884976640000 Ways, 


DD ou Sw pw mp 


"33 
23 
24 
25 


1. A, 


2. B. , 


6-C 


24. D. 8 33 
120. E. 

720. P. 

5040. G. 

40320. H. 

362880, I. 

3628800. K. 

39916800. L. 

479001600, M. 

6227020800. NW. | N 
87178 29t zoo. O. | 
1307674368000, = 
2092278 4889000. Q. 

355697 We 6060, R. 
5402373705728 000. S. 
1216451004088 32000, T. 
2432902008176640000. V. 
51090942171709440000. X. 
I124000727777607680c006. N. 
2585216738884 ½% 6640000. Z. 
62044840173323943 9360. 


15 6 I (192433309359 84p09000; 


This Table is eaſily calculated; for having diſcover'd 
that Four Letters, for Example, may be combin d or 


tranſpos d 24 ways; if you multiply 24, the number of 
Combinations, by 5 the next Number, you have 120 fot 


Five Letters; and that multiplied 


the Combinations of 
by the next Number 6, makes 720 for the Combinations 


of Six Letten; and fo on through all the ſucceeding 
Lerters, 


= a — K 
— — „% „„ 222 n 


— 
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Of the Pay" By Parti, in the way of Gaming, we underſtand the 


#3*s or Di- 


viſion of 
Game. 


juſt Diſtribution or Adjuſtment of what Money out of 
the Stakes belongs to ſeveral Players, who play for it ſo 
many Games, or a certain number of Parts or Setts, in 
proportion to what every one has ground to hope from 
Fortune, upon the Setts he wants to be up. 

For Example, If two Gameſters have ſtaked down 40 
Piſtols, which is then no longer cheir Property, only by 
way of Retaliation, they have a right to what Chance 
may bring em, upon the Conditions ſtipulated at the firſt 
Agreement; ſuppoſe they were to play for theſe 80 Pi- 
ſtols three Setts, that the grit had gain d one Sett, and 
the ſecond none; that is, the firſt wants two Setts to be 


out, and the ſecond three; theſe Suppoſitions being laid 


down, and the Gameſters having a mind to draw their 
Stakes, without ſtanding to their Chances, the juſt Quote 
appertaining to each, is what is call'd Parti, and is found 
out by the Arithmetical Triangle, after this manner : 
Since the Suppoſition runs, that the firſt Gameſter wants 
2 Setts, and the other 3, and the Sum of the two Num- 
bers 2 and 3is 5; we muſt turn to the Fifth Diagonal 
of the Arithmetical Triangle, and there take 5 the Sum 
of the two firſt Numbers 1, 4, by reaſon of the two Setts 
that the firſt Gameſter is ſhort ; and 11 the Sum of the 
other three, 6, 4, 1, by reaſon of the three Setts that the 
ſecond Gameſter is ſhort : And thele rivo dum 5 and 11 
ve the reciprocal Ratio of the two Parti's inquired for; 
o that the Parti or Quota of the one or firſt is to that of 
the ſecond, as 11 to 5. | 
But to adjuſt theſe Quota's, that is, to aflign each 
Gameſter his poſitive Share of the 80 Piſtoles at fake, 
this Number 80 muſt be divided into two parts propor- 
tional to the rwo Terms 11, 5; and this is done by multi- 
plying 8 by the two Sums 11, 5, ſeparately, and divi- 
ding each of the two Products, (880, 4oo.) by 16, the 
Sum of the two Terms 11,5; by which means you 
have 55 for the Number of Piſtoles due to the firit Game- 
ſter that gain d a Sett ; and 25 for the other that gain d 
none. 
In like manner, if the firſt wants but x Sett to be out, 
and the ſecond 2, we add together theſe two Numbers, 
1. 2, and their Sum being 3, turn to the Third Diagonal 
of the Arithmerical Triangle, and there take the firſt 
Number 1, and the Sum 3 of the two others 2, 1; _ 
- | J E 
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theſe two Numbers 1, 3, we learn that the firſt his Quota 
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is to that of the ſecond as 3 to x ; and fince the Sum of 


theſe rwo Terms is 4, the Conſequence is, that the firſt 
Gameſter ought to have 4 of the 80 Piſtoles ſtaked, and 
the ſecond only +, that is, the firſt 60 Piſtoles, and the 
other 20. | 

Hence it appears, that when the Game is at this paſs, 
the firſt may lay upon the Square 3 to x : And this we can 
likewiſe make out without the Arithmetical Triangle, af- 
ter the following manner. 

Since the firſt wants One Sett to be out, and the ſecond 
Two, we muſt conſider, that if they went on with the 
Game, and the ſecond gain d a Sett, then the two Game- 
ſtets would ha ve equal Chances, and ſo their Quotas or 
Dividends would be equal, it being a conſtant and a ge- 
neral Rule, that the one Share of the firſt is to that of the 
ſecond, as the Chances of the one are to thoſe of the other. 
And ſo in this Suppoſition, each of em has a Title to an 
equal Half of the Money. Tis therefore certain, that 
if the firſt gains the Serr that's to be play d, he ſweeps all; 
but if he loſes it, he has a Title to an equal Half; and 
therefore if they have a mind to draw without playing the 
Setr, the firſt ought to have half the Money at ſtake, and 
the balf of rhe remaining Half, that is 3 of the Whole ; 
ſo that à remains to the ſecond ; for tis evident, that if 
a Gameſter has a Right to a certain Sum, in caſe he gains, 
and to a leſſer, in caſe he loſes, he has a Right to the 
Half of thoſe two taken together, if the Game is thrown 
up. 

erh firſt Caſe directs us to the Solution of the ſecond. 
which ſuppoſes the firſt to want one Sett to be out, and 
the ſecond three; for if the firſt gains the Sett, he ſwee 
all the 80 Piſtoles; if he loſes, it turns to the firſt C 
as above, that is, he has a Right only to 4 ; and there- 
fore, if the Stakes are drawn without playing that Sext, 
his Right is Half of theſe two Sums taken together, 5, e. 
z Or 70 Piſtoles, 4 or 10 Piſtoles remaining to the ſecond. 

This leads us to a Reſolution of a third Caſe. Suppo- 
ſing the firſt to be two Setts ſhort, and the ſecond three; 
for if the firſt gains the next Setr, he has a Right to þ of 
of the Money, by the Second Caſle 7 if he looſes it, fo that 
the ſecond wants only two to be out, as well as he, the 
Money is to be equally divided between them. Upon the 
whole, the Game ſtands thus; . 


1. Coſe. 


u. Caſe: 


III. caſe. 


* 
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if he looſes, he claims + ; and therefore, if the Game is 
thrown up without playing this Sett, he claims the Half 
of theſe two Sums put together, i. 6. I or 55 Piltoles, 
leaving r or 25 to the ſecond. 
| IV. Caſs, © The ſecond Caſe leads us likewiſe to the Solution of a 
| fourth Cafe, in which the firſt is ſuppos'd to be one Setr 
ſhore of the Whole, and the ſecond four; for if the firſt 
gains a Sett, he carries the 80 Piſtoles; it he loſes it, 
o that the ſecond lacks only three to be our, he claims 7 
by the ſecond«+Caſe. Now fince, in caſe of winning, he 
takes 80 Piſtoles, and in caſe of loſing g of them, his 
Dividend, upon throwing up, is the Halt theſe two Sums 
put together, that is, 2, or 75 Piſtoles, and ſo he leaves 
Pe, or 5 Piſtoles for the ſecond, 
M Caſee The fourth and third Caſes lead us, after the ſame man- 


| ner, to the Solution of a fifth, which ſuppoſes, that the 
x - firſt Gameſter is two Setts ſhorr, and the ſecond four; for 
0” if the firſt gains a Sett, and ſo lacks but one to be our, 
| 2 he claims 75, by the fourth Caſe; and if be loſes it, 
* ſo that the ſeconds wants but three, he claims A, by the 


the third; and conſequently, in caſe of drawing, his Due 
is the Half of theſe two Sums put together, that is, 2. 
or 65 Piſtoles, , or 15 Piſtoles being left for the ſecond, 
And ſo of the other Caſes. 
Another ard All theſe, and an infinite Number of other Caſes that 
— — may happen, are ſolvable without the Arithmetical Tri- 
| theſe Caſes, angle, after a different and an eaſie manner, as follows; 
cat v. Take the fifth Caſe for Inſtance, which ſuppoſes the firlt 
to be two detts ſhort, and the ſecond ſout; in this Suppo- 
ſition the two Gameſters want between em ſix Setts to N 
be out: Take 1 off the 6, and, ſince the Remainder is 5, 7 
ſuppoſe theſe five Letters of the ſame form 4 44 4 a, to $ 
Favour the firſt Gameſter; and theſe five b bb bb, to fa- 1 
«Your the ſecond; make Combinations of theſe ten Letters, | 
as you ſee it here done ; where, of 32 Combinations, the 1 
firſt 26 to the Left, having ar leaſt two a, are taken for F 
the Number of. Chances that can make the firſt ro win ; | 
becauſe he lacks two Setrs ; and the remaining 6 to the 
Right, or where there are at leaſt four b, are taken for the 
5 Number of Chances upon which the ſecond may win; be- 
cauſe he wants four ro,be ot. ei 


Ms 
Sw. 


— 


44446 


* 
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$4444 aaabb | aabbb abbbb 
aaaab aabba abbba | %bbba 
aaaba abbaa bbbaa babbb 
aabaa bbaaa ababb abb 
abaaa aabab abbab bbbab 
baqaa abaab ababb bbbbb 
baaab baabb 
baaba babba | 
babaa bbaba 
ababa | babab | 


T Thus it is plain, that the firſt his Due is to that of the ſe» 
cond as 26 to 6, or, as 13 to 3. 

In like manner to ſolve the third Caſe, which ſuppo- 
ſes the firſt to want two Setts to be up, and the ſecond 
three, ſo that they want five between em; take 1 from 
the ſaid Sum 5, and fince the Remainder is 4, ſuppoſe 
theſe ſimilar Letters 44 4 4 to be favourable to the fuſt, 
and theſe four 6 bb to the ſecond, and combine theſe 
eight Letters rogether, as you 


ſee it here done ; where, of aaaa abb | abbb 
the 16 Combinations, the firſt aaab | abba |} bbba 

11 to the Left having at leaſt aaba | bbaa | bbab 
two a's, muſt repreſent the abaa | baab | babb 
Number of Chances that the baaa | baba | bbbb 
firſt has for Game, two Sets | abab * 


being what he wants; and 


the remaining 5 to ih: Right having ar leaſt three b's, 


Caſe ul. 


muſt be taken for the Number of Chances that can make 


the ſecond up, he being three Serts ſhort. Thus the Claim 
of the firſt is ro that of the ſecond as 11 to 5, &c, 

The ſame 16 Combinations will ſerve for the Solution 
of the fourth Caſe, in which the firſt was ſuppoſed to be 
one Set ſhort, and the ſecond four; ſo that 5 is the Num- 
ber of Setts wanted between em, as in the third Caſe. For 
among theſe 16 you will find 15 that have at leaſt one @, 
(anſwerable to the one Sett that the firſt wants) for 
the Chances upon which the firſt will win; and only one 
that has four b's, the ſecond being four Setts ſhort, which 
ſhe ws there is but one Chance that can ſave the ſecond. 


Thus the firſt Share is to that of the ſecond, as 15 to 1. 
And ſo of all other Caſes. 


To 


Of the Game 
*t Dice. 
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To know, when two are at play, what Advantage one 
has, thar engages to throw 6, for Example, with one 
Dye, at a certain Number of Throws, and firſt. of all, 
at the firſt Throw; we muſt conſider, that bis Caſe is 1 
to 5 ; for he has but one Chance to win, and 5 to looſe 
upon; and conſequently if he Jays upon one Throw, he 
ought to lay bur 1 to 5. 

o engage to throw 6 with one Dye at two Throws, 
is the ſame thing, as to throw two Dyes at a time, one of 
which is to be a 6; aad in that Caſe, he who throws 
has but 11 Chances to win upon, ſince he may throw the 
firſt 6, and the ſecond 1, 2, 3, 4, or 5; or the ſecond 6, 
and the firſt 1,2,3,4,0r 5; or elſe both Dyes fixes ; 
whereas he has 25 to | | 
loſe upon, as you ſee 


rtr. 3. 2] 3. 1] 4- 2 3 1 
to conclude; that he 1. 22. 23. 21 4. 2] 5- 3 
who offers to throw 7: 32 33. 3 +: 3 5 3 
with one Dye at two 4] 2+ 4] 3: 4] 4: 4] 5: 4 

1. 313. 513. 114. 915 $ 


Throws, ought to ſer 
bur 11 to 25. | 

When you lay upon 6 at two Throws, take notice 
that 36, the Sum of all the Chances, 11, 25, is the Square 
of the given Number 6; and that 25, the Number of 
Chance againſt him who throws, is the Square of the 
fame Number, wanting 1, that is, 35. And therefore to 
find the Number of Chances that favour him who is to 
throw, you need only to take 1 from 12, the Double of 
the Number given, and the remainder 11 is the Number 
required ; which being ſubtracted from 36, the Square of 
the former Number 6, leaves 25 the Remainder, which 
will always be a ſquare Number, and denote the Chances 
againſt him. 

To lay upon 6 at three Throws with one Dye, is the 
ſame as to lay upon 6 at one Throw with three Dice; and 
in that Caſe, he who throws has 91 favourable Chances, 
and 125 againſt him, and fo ought to ſet but 91 to 1253 
thus you ſee he is at a loſs who lays upon the Square for 6 
at three Throws of one Dye. | 

Take notice that the Sum 216 of all the Chances 91, 


123, is the Cube of the given Number 6, when you en- 


| | of the lame Number given, leſs I, i. e. 5, And therefore, 


gage to throw 6 at three Throws with one Dye; and that 
125, the Number of the Chances againft you, is the Cube 


1 
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to find the Number of Chances that favour the Perſon 
that throws, you need only ro ſubtract 125, the Cube of 
the given Number 6, wanting 1 (1. e. 3) from 216 the 
Cube of the ſame Number given, 

By the ſame Method we find out what Advantage he 
has who proffers ro throw 6 with one Dye at four Throws; 
for if we ſubtract from the fourth Power or Biquadrate 
1296 of the given Number 6, if we ſubtract, 1 ſay, from 


3 1 that, 625 the Biquadrate of the ſame Number, leſs one, 
odr of 3, the Remainder ſhe ws us 6) 1 favourable Chances 


for him that throws; the Biquadrate 625 being the Num- 
ber of the Chances againſt him: So that he who lays 


upon 6 at four Throws has the Odds on his fide. 


But he has a much greater Advantage upon s at five 
Throws with one Dye, as appears by ſubtracting 3125, 
the fifth Power of 5 (the given Number, bating 1) from 
7776, the fifth Power of the given Number 6; for the 
Remainder 4651, is the Number of favourable Chances, 
and 3125, the fifth Power ſubtracted, is the Number of 
thoſe againſt him who throws. 

If you want to know what Advantage he has, who of- 
fers, with two or ſeveral Dice, to throw at one Throw 
a derermin'd Raffle ; for Example two Tres ; you muſt 
conſider, that with two Dice he has but one Chance to 
ſave him, and 35 to looſe upon, ſince two Dice can com- 
bine 36 different ways, that is, their 6 Faces may have 
36 different Poſtures, as you ſee by this Scheme; 


3 03S $1917.86, ELIIELS I 
S--DBiS SITY GS SY WEST” SY 
v; 37 LS LS FLEE HEE 
1 4/2 413 414 4[5 416 4 
SEA Led GA SSA - LAS 
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This Number 36, is the Square of 6, the Number of 
Faces, there being but rwo Dice; bur if there were three, 
the Cube of 6, 216, would be the Number of Combina- 
tions; and if there were four, the Biquadrate of 6, 1296 
wou!d be the Number. And fo on. 


_ From what has been ſaid, tis evident, that in engage- | 
ing a determin d Raffle at one Throw with two Dice, 
one ought to lay but 1 to 35 ; and by a Parity of Reaſon, 


bhat he ought to lay 3 to 213 upon a determin d Raffle or 
P air» 
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Pair-Royal with three Dice; and 6 co 1290 with four ; 2 
for of the 216 Chances of three Dice, there's only three 


that can favour him, ſince three things can combine by 


wo's only 3 ways; and of 1296 Chances of four Dice, 
only 6 can favour the Thrower, ſince four things com- 


bine by two's 6 ways. . 5 
But if you want to know what Odds he lies under 


who proffers to throw a Raffle of one ſort or t other at 


the firſt Throw of two or more Dice; you may find, 
without Difficulty, that he ought to ſett but 6 to 30, or 
I to 5 upon two Dice, ſince of the 36 Chances of two 
Dice, there's only 6 that can make a Raffle ; and that 
upon three Dice, his Caſe is 18 to 198, or 1 to 11, ſince 
of the 216 Chances, that three Dice can fall upon, only 
18 can produce a Raffle. 


PROBLEM XI. 


Several Dice being thrown, to find the Number of 
Points that ariſe from them, after ſome Operations. 


Uppoſe three Dice thrown upon a Table, which we 

ſhall call A,B, C; bid the Perſon that threw 'em add 
together all the uppermoſt Points, and likewiſe thoſe un- 
derneath of any two of the three: For Inſtance, B and 
C, A being ſer apart, without altering irs Face. Then 
bid him throw again the ſame two Dice, Band C, and 
make him add to the foregoing Sum all the Points of the 
upper Faces, and withal the lowermoſt Points, or thoſe 
underneath of one of them, C for Inſtance, B being ſer 
apart near A without changing its Face, for giving a ſe- 
cond Sum. In fine, order him once more to throw the 
laſt Dye C, and bid him add to the foregoing ſecond Sum 
the upper Points, for a third Sum, which is thus to be dif- 
covered, After the third Dye C is ſer by the other two, 
without changing irs Poſture, do you come up, and com- 
pute all the Points upon the Faces of the three Dice, and 
add to their Sum as many 7's as there are Dice, that is, 


S 


in this Example 21, and the Sum of theſe is what you 
look for; for when a Dye is well made, 7 is the Number 


of the Points of the oppoſite Faces. 
To exemplifie the matter; Suppoſe the firſt Throw 
of the three Dice, A, B, C, brought up 1, 4, 5 9 
x 
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the firſt 1 apart, we add to theſe three Points 1, 4, 5, 
the Points 3 and 2 that are found under or oppoſite to 
the upper Points 4 and 5 of the other two Dice; and 
this gives me the firſt Sum 15. Now ſuppoſe again 
that the two laſt Dice are thrown, and ſhew uppermoſt 
the two Points 3 and 6, we ſer that with the three Points 
apart, near the Dye that had 1 before, and add to the 
foregoing Sum (15) theſe two Points 3 and 6, and with- 
all 1 the Point that's found lowermoſt in the Dye that's 
ſtill kept in ſervice, and bad 6 for irs Face at this Throw; 
thus we have 25 for the ſecond Sum. We ſuppoſe at laſt, 
that this third and laſt Dye being thrown a third time, it 
comes up 6, which we add to the ſecond Sum 25, and fo 
make the third Sum 31. And this Sum is to be found our 
by adding 21 to 10 the Sum of the Points r, 3,6, that 
appear upon the Faces or uppermott Sides of the three 
Dice then ſet by, 


PROBLEM XII. 


Two Dice being thrown, to find the upper Points of 
each Dye without ſeeing them. 


'A ff Ake any one throw two Dice upon a Table, and add 
| 5 to the Double of the upper Points of one of 'em, 


uppermoſt Points of the other or the ſecond Dye; after 
that, having ask'd him the joint Sum, throw out of ir 
25, the Square of the Number 5 that you gave to him, 
and the Remainder will be a Number conſiſting of two 
Figures; the firſt of which to the left repreſenting rhe 


and the ſecond Figure to the Right repreſenting Units, is 
the Number of the upper Points of the ſecond Dye. 
We'll ſuppoſe that the Number of the Points of the firſt 
Dye that comes up is 2, and that of the ſecond 3; we add 
5 to 4, the Double of the Points of the firſt, and multipl 
the Sum 9 by the ſame Number 5, the Product of which 
Operation is 45, to which we add 3, the Number of the 
upper Points of the ſecond Dye, and ſo make ic 48 ; then 


we throw our of ir 25, the Square of the ſame Number 5, 
and the Remainder is 23, rhe firſt Figure of which + 


tepreſencs the Number of Points 8 the firſt Dye, r 
t 


and add ro the Sum multiplied by 5, the Number of the 


Tens, is the Number of the upper Points of the firſt Dye, 


49 


50 


Anotherway 


of ſolving 
this Problem. 


At 14 u ay, 


its Square 25 ſubtract 24, the Quadruple of the Product 
6, and the Remainder is 1: Then take the ſquare Root 
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the ſecond 3 the Number of Points of the ſecond Dye. 

Another way of anſwering this Problem, is this; Ask 
him who threw the Dice, what the Points underneath make 
together, and how much the under Points of one ſurpaſs 
thoſe of the other; and if this Exceſs is, for Example, 1, 
and the Sum of all the lower Points is 9, add theſe two 
Numbers 1 and 9, and ſubtract the Sum 10 from 14; 


then take 2, the half of the Remainder 4, for the Num- 


ber of the upper Points of one of the Dice; and as for the 
other Dye, inſtead ot adding the Exceſs 1, to the Sum 9, 


ſubtract ir out of 9, and take the Remainder 8 our of 4 


14, 6 is the Remainder, the Half of which, 3, is the 
Number of the upper Points of the ſecond Dye. & 

A Third Way is this; Bid the Perſon who threw the 
Dice, add rogether the upper Points, and tell you their 


Sum, which we here ſuppoſe to be 5; then give him ü 


Orders to multiply the Number of the upper Points of 
one Dye by the Number of upper Points of the other 
Dye, and to acquaint you in like manner with their Pro- 
duct, which we here ſuppoſe to be 6: Now having this 
Product 6, and the preceeding Sum 5, ſquare 5, and from Mt 


of the Remainder, which in this Caſe is 1, and by ad- 
ding it to and ſubtracting it from the foregoing Sum 3, 
you have theſe two Numbers, 6, 4, the Hath of which 
3, 2, are the Numbers of the upper Points of each Dye. 


PROBLEM XIII. 


Upon the Throw of Three Dice, to find the upper 
Points of each Dye, without ſeeing them. 


Oder the Perſon that has thrown the Dice, to place 
em near one another in a ſtreight Line, and ask him 
the Sum of the lowermoſt Points of the firſt and ſecond 


Dye, which we here ſuppoſe to be 9 ; then ask him the % 


Sum of the Points underneath of the ſecond and third. 
which we here ſuppoſe to be 5; and ar laſt the under 
Points of the firſt and third, which we put 6. Now, 
having theſe Numbers given you, 9, 5, 6, ſubtract the 8 
ſecond Number 5 from 15, the Sum of the firſt and third, 
and 6; and the Remainder 10 from 14; fo there re- 
a maim 
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mains 4, the Half of which 2 is the Number of the upper 


Þ 4. 4 
#8. 


4 Points of the firſt Dye. To find the Number of the up- 
N per Points of the ſecond, ſubtract the third Number 6 
from 14, the Sum of the two firſt 5 and 5 ; and the Ke- 
mainder 8 from 14 again; ſo you have a ſecond Remain- 
der 6, the Half of which, 3, is the Number demanded. 
„Ar laſt for the third Dye, tubtract the firſt Number 9 
e X77 from in, the Sum of the ſecond and third, 5,6, and the 
*X Kemainder 2 from 14; fo you have a ſecond Remainder 
7 *X 2:2, the Half of which, 6, is the Number of the upper 
je Points of the third Dye. 
% PROBLEM XIV. 
f To find a Number thought of by atuther. 
4 OF: the Perſon to rake 1 from the Number thought 
is upon, and after doubling the Remainder, to take 1 
m from it, and to add to the laſt Remainder, the Number 
8. thought upon. Then ask him what that Sum is, and af- 
ot | ter adding 3 to it, rake the third part of it for the Num- 
A ber thought of. For Example, Let 5 be the Number, 
* take 1 from ir, there remains 4; then take 1 from $8, the 


Double of that 4, and the Remainder is 7, which be- 
comes 12, by the Addition of 5, the Number thought of; 
and that 12, by the Addition of 3, makes 15, the third 
part of which, 5, is the Number thought of. 

Another Way is this: After raking 1 from the Num- Another 
ber thought of, ler the Remainder be tripled ; then ler Way of find- 
him take 1 from that Triple, and add to the Remains 65 — 
der the Number thought of. At laſt, ask him the Num- . 
ber ariſing from that Addition, and if you add 4 to it, 


you'll find the fourth part of the Sum to be the Number 


6 | thought of. Thus 5, bating 1, makes 4, that tripled 
4 makes 12, which loofing 1, ſinks to 11, and enlarg d by 
he the Acceſſion of 5, comes to 16, which, by the Addition 
43 = of 4, is 20, and the fourth part of that, vix. 5, is the 
er Number thought of. 


42 Add 1 to the Number thought of, double the Sum, and 4% Away 
no add r more to it, and then add to the whole Sum the n 
MNumber thought of. Having learn'd the Sum Total, take 


rh 3 from it, and the third pait of the Remainder is what 
3 you look for. Thus, 5 and 1 is 6, and the Double of 


D 3 of 


52 Mathematical and Phyſical Recreations. 


that, enlarg d by 1, is 13, which, by the Addition of 
5, Comes to 18 ; take 3 from that, the Remainder is 15, 
the third parr of which, 5, is the Number thought of. 
The Fewrth Or elle, after adding 1 tothe Number thought of, bid 
Way. the Perſon triple the fame, and add firſt 1 to it, and then 
the Number thought of. At laſt, ask the Sum of this laſt 
Addition, and after robbing it of 4, rake the fourth part of 
the Remainder for the Number thought of. Thus, 5 and 
1 is 6, the Triple of which and 1 is 19, which with 5 is 
24, and that bating 4 is 20, the fourth part of which, 5, 
anſwers the Problem. 
The F fb Take 1 from 5, the Number thought of, double the 
Wy. Remainder, 4, from which, 8, take 1, and likewiſe the 
Number thought of; after which, ask for the Remain- 
der 2, and add 3 to it, ſo you have your Number. 
The Sixth Leet the Perſon that thinks add 1 to the 5, the Number 
Way. thought of, and to the Double of that, 12, 1 more; 
and ſubtract from the Sum, 13, the Number thought of; 
then ask for the Remainder 8, and taking 3 from it, 
what you leave behind, 5, is the Number thought of. 
The Seventh Bid the Perſon that thinks take 1 from 5, the Number 
* thought of; and 1 from 12, the Triple of the Remain- 
der; and then the Double of the Number thought of, 10, 
from 41, the laſt Remainder. This done, ask for the Re- 
wainder of the third Subtraction, viz. 1, and adding 4 
to it, you'll find Satis faction. 
The Ezub Add 1 to the Number thought of 5, adding 1 more to 
Wy. the Triple of that you have, 19, from which take 10, 
the Double of the Number thought of; then ask for the 
Remainder, 9, from which take 4, and ſo you're right. 
The Ninch Order the Perſon to triple the Number thought of ( 5 ) 
W.. and out of the triple Number (15) to caſt away the Half, 
if twere poſſible; and fince in this Example tis not, to 
add 1 to it ſo as to make it 16; the Half of which, 8, 
muſt be tripled, and that makes 24. The Perſon that 
thinks having done this, ask him how many g's are in the 
laſt Triple (24); he anſwers two; ſo you're to take 2 for 
every 9, Which in this Example makes 4, and by reaſon 
of the x you gave to wake the 15 an even Number, you're 
here to repay it by Addition to the 4, and to you have 5, 
the Number thought of, If there happen to be no 9 in 
the laſt Triple, the Number thought of is 1. | 
The fe Bid him add 1 to to the Number thought of ( which 
a makes 6); then lubtract it from it, and ſo it leaves & ) 
a Re- 


Arithmetical Problems. 53 


2 Remainder ; then bid him multiply the Sum (6) into 
the Remainder (4) and tell you the Product. To this 
Product 24 add 1, and of the Sum 25 take the ſquare 
Root 5. 

Bid - Perſon that thinks add 1 to the Number thought — Eleventh 
of (which we all along ſuppoſe to be 5) and multiply 
the Sum ( 6 ) by the Number thought of (5); then let 
him ſubtract the Number thought of (5) from the Pro- 
duct ( Jo) and tell you the Remainder (25) the ſquare 
Root of which ; is the Number thought of. 

Aſter taking 1 from the Number thought of, bid him a 1 
multiply the ainder (4) by the Number thought of W.. 
(5) and add ro the Product (20) the ſame Number 
thought of, and tell you the Sum 25, of which you're to 
extract the Square Root «. ; 

Bid him add 2 to the Number thought of, and clap a © 7-icentt 
Cypher to the Right of the Sum, which makes 70; and Ow 
to that add 12, to the Sum of which Addition ( 82 ) let 
bim clap another Cypher, ſo as to make it 820. From 
this Decuple (820) let him ſubtract 320, and tell you 
the Remainder 500, from which you are to cut off the 
two Cyphers ( each of which did ſtill decuple the Num- 
= it was put to), and ſo you have the Number thought 
or 5, 

Let him add 5 to the Double of the Number thought A Fourteenth 
of; to the Sum 15 let him add a Cypher on the Right Way. 
Hand to decuple it; then let him add 20 to the Sum (150) 
and to the laſt Sum ( 170) ſet another decupling Cypher; 
at laſt let him ſubtract 70 from the laſt Sum of all (1700) 
and diſcoyer to you the Remainder 1000, from which you 
are ro ſtrike off two Cyphers to the Right, and take the 
half of the Remainder (10) for the Number thought of. 

Theſe two laſt Methods are not very ſubtile; for the 
laſt Number being known, tis an eaſie matter, by a re- 
trograde View, to find out the other Numbers, and by 
conſequence the Number thought of. And upon that 
Conſideration we ſhall here ſubjoyn two other Methods 
that are more myſterious. 

Bid the Perſon that thinks add 1 to the Triple of the A Fifteenth 
Number thought of, and triple rhe Sum (16) again; to I 
which laſt Sum (48) bid him add the Number thought e Wa. 
of (5); then ask him the Sum of all (53) and from 
that take off 3, and the Right Hand Cypher from the 
Remainder 50 ; which leaves you ; to the Left for the 
Number thought of, D 3 Bid 


Corollary I. 
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Bid him take 1 from the Triple of the Number thought 
of ( 15) and multiply the Remainder (14) by 3; and 
add to (42) the Product, the Number thought of (5); 
then ask the Sum of the Addition, 47, to which add 3, 
and cut off from the Sum $o the Cypher, which muſt 
needs be on the Right-Hand, and ſo leaves to the Left 
the Number thought of. 

From theſe two laſt Methods we may draw this Infe- 
rence, that If we add an nit to the Triple of any Num- 
ber (as to 18 the Triple of 6) and the ſame Number 
(6 ) to the Triple of the Sum (57) the ſecond Sum (63) 
will always terminate with 3. 

Another Inference is, that If we ſubtract an Unit from 
(18) the Triple of any Number (6) and add the ſame 
Number (6) to the Triple of the Remainder ( 5 1 the Tri- 
ple of 17) the Sum (57) will always end with the Figure 7. 

The laſt Inference is, Thar this double roblem is im- 


poſſible, viz. To find a Number of ſuch a Quality, that if 3 
you add to, or ſubtratt from its Triple, an Unit, and add 3 


the ſame Number to the Triple of the Sum of the Remainder, 
the laſt Sum will be a perfect ſquare Number; for as we 
ſhew'd at Probl. V. no Number ending in 3 or 7 can be 
a true Square. See the following Problem, 


PROBLEM XV. 


To find the Number remaining after ſome Operations, 
without askhing any Queſtions. 


LI another think of a Number at pleaſure; bid him 
add to the Double of it an even Number, ſuch as you 
have a mind to. For Example 8; then bid him ſubtract 
from half the Sum the Number thought on, and what 
remains is the Half of the even Number that you order'd 
him to add beſore; and ſo you may roundly tell him you 
are ſure the Remainder is 4. Tho' the Demonſtration of 
this is eaſie, yet thoſe who are not appriſed of the Rea- 
ſon will be ſurpriſed at it. However that you may light 
exactly on the Number thought of, conceal your Know- 
ledge of the Remainder 4, and bid him ſubtract that Re- 


mainder, whatever it is, from the Number thought of, if 


ſo be it be larger; or elſe, if the Number be leſs, to ſub- 
tract it from rhe Remainder; and then ask him for the 
Remainder 


FEE 
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Remainder of the laſt Subtraction ; for, if you add this 
Remainder to the Half of the even Number you gave 
him (5. e. 4 the Half of 8) when the Number thought 
of is larger than that of the Half of the even Number ; 


© or if you ſubtract the Remainder from the ſame Half (4) 


when the Number thought of is leſs than it, you'll have 


; the Number thought of. To exempliſie the matter, let 


5 be the Number thought of, and 8 added to its Double 
10, Which makes 18; the Half of that is 9; and 5, the 
Number thought of, ſubtracted from leaves 4, the Half 
of the additional Number 8; and if you take this Half 4 
from the Number thought of 5, there will remain 1, 
which being added to the ſame Half 4 (the Number 
thought of being greater than that Half) gives 5, the 
Number thought 1 In like manner, if to 10, the Dou- 
ble of 5, the Number thought of, you add 12, youll 
have 22, the Half of which is 11 ; and from thence ta- 


king the Number thought of 5, there remains 6, the 


Half of the additional Number 12 ; and if from thar 
Half 6 you take the Number thought of, 5, (which in 
this Example is leſs than the ſaid Half) there will remain 
1, which being taken from the ſame Half, ſince the 


IT Number thought of is leſs than that Half (6 ) leaves 5 
sor the Number thought of. 


But an eaſier Way to anſwer the Problem is this: Bid 
the Perſon that thinks, take from the Double of the Num- 
ber thought of, any even Number you will that is leſs, 
for Example 4 ; then let him take the Half of the Re- 
mainder from the Number thought of, and what remains 
will be 2, the Half of the firſt Number ſubtracted 4; 
and therefore to find the Number thought of, bid him 
add the Number thought of to that Half z, and then 
ask the Sum, 7, from which you're to take the ſame 
w_ and fo there will remain 5 for the Number thought 


Bur another, and yet eaſier, way is this : Bid him add 


þ What Number you will to the Number thought of, and 
multiply the Sum by the Number thought of; for if you 
make him ſubtract the Square of the Number thought of 


from the Product, and tell you the Remainder, you have 
nothing to do but to divide that Remainder by the Num- 
ber you gave him to add before; for the Quotient is the 
Number thought of. Thus 4 added to 5 (the Number 


thought of) makes 9, which being multiplied by 5, makes 


„ | 49; 


55 
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49; from which take 25, the Square of the Number 
thought of, and there remains 20, which being divided 
by 4, leaves 5 in the Quorient, 

Or elſe, bid the Perſon that thinks, take a certain leſ- 
ſer Number from the Number thought of, and multiply 
the Remainder by the ſame Number thought of ; for if 
you make him rake the Square of the Number thoughr 


of from the Product, and tell you the Remainder ; by 
dividing that Remainder by the Number you ordered 
to be taken from the Number thought of, you have the 


Number thought of in the Quotienr. 


Bur of all the Ways for finding out a Number thought 
of, the following is certainly the eaſieſt; make him rake 
from the Number thought of what Number you pitch up- 


on that's leſs than it, and ſer the Remainder apart; then 


make him add the ſame Number to the Number thought 


upon, and the preceding Remainder to the Sum, for a pt 
ſecond Sum; which he is to diſcover to you, and the 


Half of that Sum is the Number thought of. Thus ! 4 
being thought of, and 3 taken from it, the Remainder is 
2 ; and the ſame Number 3 added to 5 makes 8, and 


= 
_ +? 
o 4 , 
1 
y 2 ” h * 
13 


* 


that, with the preceding Remainder, 10, the Half of 
which, 5, is the Number thought of, 
PROBLEM XVI. 


To find the Number thought of by another, without 
ashing any Queſtions, 


BP the other Perſon add to the Number thought of, 3 


its Half if it be even, or its greateſt Half if it be odd 
and to that Sum its Half or greateſt Half, according as 
"tis even or odd, for a ſecond Sum, from which bid him 
ſubtract the Double of the Number thought of, and take 
the Half of the Remainder, or its leaſt Half, if the Re- 


1 


mainder be odd; and thus he is to continue to take Half 


aſter Half, till he comes to an Unit. In the mean time 
you are to obſerve how many Subdiviſions he makes, re- 


taining in your Mind for the firſt Divifion 2, for the ſecond , 


4, forthe third 8, and fo on in a double Proportion, re- 
membring {till ro add x every time he took the leaſt 
Half; and that when he can make no Subdiviſion, you re 
to retain only 1. By this means you have the —__ 

| | that 
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that he has halfed ſo often, and the Quadruple of that 


Number is the Number thought of. if ſo be he was nor 


obliged to take the greateſt Half at the beginning, which 


'A can only happen when the Number thought of is evenly 


1 even, or diviſible by 4 in other Caſes, if the greateſt 


3 Half was taken et the firſt Diviſion, you muſt ſubtract 
I from that Quadruple; if the greateſt Half was taken 


only at the ſecond Diviſion, you ſubtract but 23 and if 


4 he took the greateſt Half at each of the two Diviſions, 
JF you are to ſubtract 5 from the Quadruple, and the Re- 
2X mainder is the Number Rouge of. 


For Example, Let 4 be the Number thought of, which 
by the Addition of its Half, 2, becomes 6, and that, by 
the Addition of its Half, 3, is 9; from which, 8, the Dou- 
ble of the Number thought of, being ſubtracted, the 
Remainder is 1, that admits of no Diviſion; and for 
this reaſon you retain only r in your Mind, the Quadru- 
ple of which, 4, is the Number thought of. 

Again; let 7 be the Number thought of; this being 
odd, the greateſt Half of it, 4, added to it makes 11, 
which is odd again; and fo the greateſt Half of 11 ad- 
ded to 11, makes 17, from which we take 14, the Dou- 
ble of the Number thought of, and ſo the Remainder is 
3, the leaſt Half of which is 1, that admits of no further 
Diviſion. Here there being but one Sub- diviſion, we retain 
2, and to that add t for the leaſt Half taken, ſo we have 
3, the Quadruple of which is 12. But becauſe the greateſt 
Moiety was taken both in the firſt and ſecond Diviſion, 
we mult ſubtract 5 from 12, and the Remainder 7 is the 
Number thought of. 


PROBLEM XVII. 
To find out Two Numbers thought of by any One, 


Hing bid the Perſon that thinks add the two Num- 
bers thought of ( for Example, 3 and 3; ) order 
him to multiply their Sum (8) by their Difference (2) 
and to add to the Product (16) the Square (9) of the 
leaſt of the two Numbers (3) and tell you the Sum, 25, 
the Square Root of which, 5, is the greateſt of the rwo 
Numbers thought of. Then for the leaſt, bid him ſub- 
tract the firſt Product (16) from the Square ( 25 ) of the 
greateſt 
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greateſt Number thought of (5) and tell you the Re- 
mainder, 9, of which the Square Root 3 is the leaſt 
Number thought of. * 2 

An eafier Way of doing it is this: Bid him add to the 
Sum of the two put together (8) their Difference (2) 
and tell you the laſt Sum, 10, for che Half of it, 5, is 
the greateſt Number thought of. And as for the leaſt, 
bid him ſubtract the Difference of the two Numbers 
thought of from their Sum, and ask him the Remainder, 
6, the Half of which, 3, is the Number you look for. 

This Problem may likewiſe be folv'd after the follow- 
ing manner: Bid him ſquare the Sum of the two Num- 
bers ( which is 64 in this Example; ) then bid him add 
ro the leaſt Number thought of (3) the Double (10) 
of the greateſt ( 5 ) and multiply the Sum ( 13 ) by the 
leaſt (3) and ſubtract the Product (39) from the fore- 

oing Square (64) and diſcover the Remainder 25, the 
| oor of which is the greateſt Number thought of; 
and as for the leaſt, order him to add to the greateſt ( 5 1 
the Double (6) of the leaſt 3), and multiply the Sum 
( 11 ) by the greateſt (5) and ſubtract the Product 5s, 
from the foregoing Square (64) and tell you the Re- 
mainder ( 9 ) the Square Root of which is 3, the leaſt 
Number thought of. 

Another, and a very eaſie Way, is this: Bid him mul- 
tiply the two Numbers ( 5, 3, ) together; and then mul- 
tiply the Sum of the two Numbers ( 8 ) by the Number 
you want to find, whether the greater or leſſer, and ſub- 
tract the Product of the two Numbers (15) from that 
Product (which is 40, if you want the greater, and 24, 
if you look for the leſſer Number) and tell you the Re- 
mainder, 25, or 9, the Square Roots of which ſatisfies 
the Demand. | | 

Or elſe, bid him firſt take the Product of the two 
Numbers (150, then multiply their Difference (2) by 
the Number enquired for (3 or 5 ) and add to that Pro- 
duct the Product of the two Numbers ( 15 ) if you want 
the greateſt, or ſubtract that Product from the Product 
of the two Numbers, if you look for the leaſt. Then 
he telling you the Sum, or the Remainder, their Square 

oots are the Numbers in queſtion, 

When the leaſt of the rwo Numbers does not exceed 
9, tis eaſie to find em our after this manner: Let 1 be 


added to the Triple of the greateſt, and the two N _ 
rs 
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bers thought of to the Triple of that Sum, and the Total 
Sum diſcover'd ; from which you are to take off 3, and 
then the Right hand Figure is the leaſt, and the Left-hand 
Figure the greateſt Number thought of. Thus 5 and 3 


being thought of, 1 added to the Triple of 5, is 16, and 
the Triple of that (48) added to 8, the Sum of the 
two Numbers, makes 56, which looſing 3, is 53 ; 3 the 
7 Righr-hand Figure being the leaſt, and 5 on the Left 
the greateſt Number thought of. | 


PROBLEM XVIIL 
To find ſeveral Numbers thought on by another. 


IF the Quantity of Numbers thought of is odd, ask 
for the Sums of the firſt and ſecond, of the ſecond and 
third, of the third and fourth, and fo on till you have 
the Sum of the firſt and laſt; and having written all theſe 
Sums in order, fo that the laſt Sum is that of the firſt and 
laſt ; ſubtract all the Sums of the even Places from all 
thoſe in the odd Places; and the Half of the Remainder 
is the firſt Number thought of, which being ſubtracted 
from the firſt Sum, leaves the ſecond Number remaining, 
and that ſubtracted from rhe ſecond, leaves the third 
Number remaining; and ſo on to the laſt, For Exam- 


ple, ſuppoſe theſe five Numbers thought of, 2, 4, 5, 7,8, 


the Sums of the firſt and ſecond, of the ſecond and third; 
and ſo on to the Sum of the firſt and laſt, are 6, 9, 12, 
15, te; and 24 the Sum of the even Places, 9 and 15, 
being taken from 28, the Sum of the odd places, there 
remains 4, the Half of which 2 is the firſt Number 


chought of, and that being taken from the firſt Number 


6, leaves 4 for the ſecond Nuniber, and 4 raken from 
the ſecond, 9, leaves 5 for the third, and ſo on. 
If the Quantity of Numbers thought upon is even, ask 


for the Sums of the firſt and ſecond, of the ſecond and 
third, of the third and fourth, and ſo on to the Sum of 


he ſecond and the laſt; write them all in order, fo that 


1 the dum of the ſecond and laſt may be laſt in order; take 


all the Sums in the odd Places ( excepring the firſt from 
thoſe in the even, and the Half of the Remainder is the 
ſecond Number thought of, and that taken from the firſt 
Sum, leaves the firſt Number, which taken from the — 
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Sum, leaves for a Remainder the third Number, and fo 
on. Thus 2, 4, 5, 7, 8, 9, being the Numbers thought 
of, the Sums propoſed, as above, are 6, 9, 12, 15, i7, 
13. Then take 29 the Sum of 13 and 17 the odd Pla- 
ces ( excepting the firſt) our of 37 the Sum of 9, 15, 13, 
the three even Stations, and the Remainder is 8, the Half 
of which, 4, is the ſecond Number thought of; and that 
taken from 6, the firſt Sum, leaves 2 the firſt Number, as 
the ſame ſecond Number 4, taken from the ſecond Sum 9, 
leaves 5 for the third Number, which taken from rhe 
third Sum 12, leaves 7 for the fourth, and fo on. 

When each of the Numbers thought cf conſiſts only 
of one Figure, they are eaſily found in the gry 
manner: Let the Perſon add 1 to the Double of the fir 
Number thought of, and multiply the Sum by 5, then 
add ro the Product the ſecond Number thought of. 
If there's a third Number, add 1 to the Double of the 
preceding Sum, and after multiplying the whole by 5, 
add to the Product the third Number thought of. In 
like manner, if there's a fourth Number, bid him add 1 
to the Double of the laſt preceding Sum, and after multi- 

lying the whole by 5, add to the Product the fourth 
umber thought of, and ſo on, if there are more Num- 
bers. This done, ask for the Sum ariſing from the Addi- 
tion of the laſt Number thought of, and ſubtract from it 
5 for two, 55 for three, and 555 for four Numbers 
thought of, and ſo on, if there are more; and then the 
firſt Left- hand Figure of the Remainder is the firſt Num- 
ber thought of, the next (moving to the Right) is the 
ſecond, the next to that the third, and ſo on till you 
come to the laſt Right - hand Figure, which is the laſt 
Number thought of | 

For Example, Let 3, 4, 6, 9, be the Numbers thought 
of, and 1 added to 6, the Double of the firſt 3, and the 
Sum 7 multiplied by 5, the Product of which, 35, with 
the Addition of the ſecond Number, 4, is 39; then 1 
being added to 78, the Double of 39, and the Sum 79 
multiplied by 5, the Product 395, with the Addition of 
the third Number 6, is 401; and the Double of that, 
with the Addition of an Unit is 803, which multiplied 
by 5 is 4015, and with the Addition of the fourth Num- 

» 9, 4024. Now, if from this Sum 4024, we take 
555, the Remainder is 3469, the four Figures of which 
are the four Numbers thought of, 5 

ur 
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But there's a Method for this purpoſe that's ſtill eaſier, 
viz. Let 1 be ſubtracted from the Double of the firft 
Number, and the Remainder multiplied by 5, to the 
Product of which Multiplication, let the ſecond Num- 


3 ber thought of be added. Then, if there be more Num- 
bers than two, let him add ; to the laſt Sum for a ſecond 


Sum; let i be taken from the Double of this ſecond Sum, 
and the Remainder multiplied by 5, and the third Num- 
ber added to that Product ; this done, if there are no 


| p more Numbers thought of ( otherwiſe you muſt add 5, 


and go on again) ask for the laſt Sum, add 5 to it, and 
the Figures of the whole Sum will repreſent the Num- 
bers thought of, as above. 

For Inſtance, Let 3, 4, 6, 9, be thought of; take 1 from 
6, the Double of the firſt 3, multiply the Remainder s, 
by 5. add to the Product 25, the ſecond Number 4 ; to 
the Sum 29 add 5, which gives you 34 for a ſecond Sum ; 
bake 1 from 68, the Double of this ſecond Sum, multiply 
the Remainder 27 by 5, and ro the Product 335, add the 
third Number 6, which makes 341 ; add ; to this laft 
Sum, then it makes 346, the Double of which, want- 
ing 1, is 691, and that multiplied by 5, 3455, which, 
with the Addition of the fourth Number 9, is 3464. 
Now adding 5 to this Sum, you have 3469, the four 
Figures of which repreſent the four Numbers thought of. 


PROBLEM XIX. 


A Perſon has in one Hand a certi even Number of 
Pifloles, and in the other an odd Number; tit required 
to find out in which Hand is the even or the odd Number. 


LF the Number in the Right-hand be multiplied by 
any even Number you will, as 2, and the Number 
in the Left by ſuch an uneven Number as you pitch up- 
on, as 3; then order the Perſon to add together the two 
Products, and rake the Half of their Sum, and if he can 
take an exact Half, ſo that the Sum is even, you'll know 
by that, that the Number in the Right-hand being multi- 
plied by an even Number is odd, and conſequently that in 
the Left multiplied by an odd Number is even. But on 
the contrary, if he can't take an exact Half, the Num- 
ber in the Right is even, and that in the Left odd. 1 
or 
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For Example: Suppoſe 9 Piſtoles in the Right-hand, and 
8 in the Left; multiply 9 by 2, and 8 by 33 the Sum of the 4 
two Products 42 being an even Number, ſhews that 9 the 
odd Number multiplied by the even 2, is in the Right- 7 
hand, and conſequently 8 the even in the Left. This Pro- 
blem directs ws to the Solution of the following Queſtion, "8 

Queſtion. A Man having 4 piece of Gold in one Hand, 
and Silver in the other, tis ad what Hand the Gold or 
Silver is in ? = 

Fix a certain Value in an even Number, as 8, on the 
Gold, and an odd, as 5, upon the Silver. Direct the Per- 
{oh to multiply the Number anſwering to the Right- hand 
by any even Number, as 2, and that in the Left by a de- 
termin d odd Number, as 3, and ask him whether the 
joynt Sum of the Products is even or odd z or bid him 
half it, and fo you'll learn whether tis even or odd, 
without asking. If this Sum is odd, the Gold is in the 
Right-hand ; if even, e contra. 4 


* 


PROBLEM XX. 


To find two Numbers, the Ratio and Difference of 
| which is given. 


TO find rwo Numbers, the firſt of which, for Example, 3 


is to the ſecond, as 5 to 2, and the Difference or Ex- 


bid is * a Pans, 3 
** „ 1 ** 14 2 5 
q I o - J - 62 nee 
r = GERT. 7 OO 
F rr . * : 
84 


_ o 1 
9 4 
n 
> ORE 


of the given Ratzo, and divide the Product 24, by 3, the 
Difference of the two Terms 5, 2, and youll find the 
Quotient 8, the leaſt of the two Numbers look d for, and 
that added to the Difference 12, viz. 20, the greateſt, 

If you will, you may multiply the given Difference by 
the greateſt Term of the given Ratio, and after dividing 
the Product by the Difference of the two Terms of 
the Ratio, you'll find the Quotient the great Number, 
which, upon the ſubtraction of 12, leaves the leſſer re= 
maining. Or you may take this Way; Multiply each 
of the two Terms of the given Ratio, by the Difference 
given, and divide each of the Products by the Difference 
of the two Terms, and the Quotients are the Numbers 
demanded. This Problem furniſhes an eaſie Solution ro 
the following Queſtion, 1 
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Queſtion. If a Man has as many Pieces of Money in 
one Hand as in the other, bow ſhall we know how much 
is in each Hand? | 

Bid him put two out of the Leſt into the Right-hand, 
which by that means will have 4 more than the Left, 
and ask for the Ratio of Number of Pieces in the Right 
to hat in the Left, which we ſhall here ſuppoſe to be as 
Xs ro 3. Then multiply 4, the Difference of the two 


For lands, by 3, the leaſt Term of the given Ratio, and di- 


F vide the Product 12 by 2, the Difference of the two 
Terms of the Ratio 5, 3: The Quotient 6 is the Num- 
ber of Pieces in the Left, to whieh if you add the Diffe- 
rence 4, you-chave 10 for the Right. Theſe two put to- 
gerber make 16, and conſequently at firſt the Man had 8 
in each Hand, 


PROBLEM XXI. 
Two Perſons having agreed to tale at pleaſure leſs Num- 


nately, till all the Numbers make together a determin'd 
Number greater than the Number propos d; tis requir d 
how to do it. 12 
SOppoſe the firſt is to make up 100, and both he 
and the ſecond are at liberty to take alternately any 
Number under 11; let the firſt take 11 from 100 as 
often as he can, and theſe Numbers will remain, r, 12, 
23, 34, 45, 56, 67, 73, 89, which he is to keep in mind; 
and firſt take , for then let the ſecond rake what Num- 
ber he will (under 11) he can't hinder the firſt to 
come at the ſecond Number 12 ; for if the ſecond rakes 
3, tor Example, which, with 1 makes 4, the firſt bas 
nothing to do bur to take 8, and fo reach 12. After 
that, ler the ſecond Perſon take what Number he will, he 
cant hinder the firſt from coming at the third Number 
23; for, if he takes 1, for Inſtance, which with 12 is 
13, the firſt takes 10, and ſo makes 23. In like manner, 
tue firſt can't be hindred to reach the fourth Number 
34, then the fifth 45, then 56, then C7, then 78, then 
89, and ar lait 100, 
As for the ſecond Perſon, he can never touch at 100, 
if the frit underitands the Way: Indeed if the firſt rakes 


2 at 


"bers than a Number propos d, and to continue it alter- 


| 


: 


| 
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2 at the beginning, his buſineſs is to take 10, and ſo clap 
in upon 12; with the fame Advantage the firſt had above. 
Bur if the firſt is acquainted with the Artifice, he'll be 
ſure to take t, and fo the ſecond can never make 12, nor 
23, Sc. nor, in fine, 100. 

If the firſt would be ſure ro win, he mult take care 
that the leſſer Number propos d does not meaſure the grea- 
ter; for if it does, he has no infallible Rule ro go by. 
For Example, If, inftead of 11, 10 were the Number 


propos d; taking 10 continually from 100, you have theſe 


Numbers, 10, 20, 30, 40, 50, 60, 70, 80, 90; now 
the firſt being obliged to pitch under 10, can't hinder the 


other from making 10, and fo 20, 30, Se. and in fine 


Ico. 


You need not be at the pains to make a continued Sub- 


traction of the leſſer Number from the greater, in order 4 
to know the Numbers the firſt is to run upon; for if you 


divide the greater by the leſſer; the Remainder of the 


Diviſion is the firſt Number you're to take. Thus divide 


100 by 11, 1 is the Remainder for the firſt Number, add 


ro that 11, it makes 12 for the ſecond, and 12 with 11 


makes 23 for the third, and ſo on to 100, 


* PROBLEM xXx!I. 


To divide a given Number into Two Parts, the Ratio of 
of which is equal to to that of Two Numbers given. 


QUppole 60 is to be divided into Two Numbers, the 
leaſt of which muſt be to the greater as 1 to 2: Add 
together the to Terms of the given Ratio 1,2, and divide 
6o by their Sum 3; the Quotient 20 is the leaſt Num- 
ber wanted, and that ſubtracted from 60 leaves 40 the 
greater. Or, multiply the two Terms 1, 2, ſeparately, 
by so, and divide each of the Products, 60, 120, by 
3, the Sum of the Terms; and the two Quotients, 20, 
40, are the Numbers you look for. This Froblem gives 
an eaſie Solution to the following Queſtion. 

Queſtion. To divide the Value of a Crown into Two dif- 
ee. Species or Denominations, the Number of which ſhall 

equal. 

Ihe Solution being demanded in Integers, tis impoſ- 
ſable to ſolve this or the like Queſtion, unleſs the _ 
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of the two Terms of the Ratio of the different Species 
propos d. does exactly divide the Crown when reduc'd 
to ſmaller Money. Thus tis impoſſible ro divide ad 
Engliſh Crown according to the tenour of the Queltioh, 
into Shillings and Pence; becauſe rhe Ratio of theſe Spe- 
* cies or Denominations is 13, 1; and 13, the Sum of theſe 
two Terms, does not exactly divide 60 Pence, the Value 
of the Crown: But make the two Species Pence and Far- 
er things twill do, fince 4, 1, the Terms of their Ratio, make 
le IF together 5, which exactly divides 240, the Value of the 
W 2X Crown in Farthings ; and the Quotient 48, ſolves the 
ie IF Queſtion, that is, 48 Pence, and 48 Farthings, make 4 
IC Crown. | 


PROBLEM XXIII 


ſeparately, leaves 1 the Remainder of each Diviſion ; an 
divided by another Number given, leaves no Re- 
mainder. 


TO find a Number which leaves 1 remaining, wh 
divided by 5 and by 7, and Nothing when divid 
by 3 : Multiply into one another the two firſt Numbers 
given, 5,7 ; to their Product 35, add 1, which makes 
36, the Number demanded. For, it you divide 36 by 5 
and by 7, the Remainder is 13 and when you divide it 
3, there 1s, as it happens, no Remainder. 

After finding this firſt and loweſt Number of the pro- 
pos d Quality 36, you may find an infinite Quantity of 
greater Numbers of the ſame Quality, and thar in the 
following manner: Add the firſt Number found 36, to 
105, the Product of the three given Numbers 5, 7, 33 
and the Sum 141 is a ſecond Number of the ſame Qua- 
lity z then add to 141 the Product aboyemention'd 105 

and you have 246 for a third ; which, with the addi- 
tion of 105, makes 351 for 4 fourth Number; and ſo on. 

To find a Number that divided ſeparately by 1, 3, 5, 
leaves 1 remaining, and no Remainder when divided by 
11-: If you take 30, the Product of the firſt three Num- 
bers 2, 3, 5, and add 1 to it, you have the Number 31, 
which divided by each of the three firtt Numbers, 2, 3,5, 
there ſhould remain 11, and by ti, the fourth Num- 


ber, Nothing: but ſo is is, that 32, when divided by 11. 
W leave: 


* 


To find a Number, which being divided by given Number: 
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leaves 9 remaining, and therefore 31 is not the right | 
Number; but in order to find out the right Number, 
take 30 the Product of the three Terms 2, 3,5, and 
* it, which makes 120, which with the addition 
1, is the Number required 121, and that added to 
/ 1320, the Product of the four Numbers given 2,3,5, 1, 
4 makes 1441 for a ſecond Number of the ſame Quality; 
| and fo on, as above. In this Caſe, 30, the Product of RF 
| 2, 3, 5, being divided by 11, left 8 remaining, and tage 
Quadruple of that 8, 32, being bur 1 ſhort of 33, the 
Multiple or Triple of 11, we quadrupled the 30, and 
added to the Sum. 1 
in like manner, to find a Number, that divided ſcpa- 
rately by 3, 5,7, leaves 2 remaining, and no Remaioder 
when divided by 8: Divide 105, the Product of the 
three firſt Numbers 3, 5, 7, by the fourth 8; ard becauſe 
there remains 1, 5 the Product 1 05 by 6. that the 
Product 630 divided by 8, may leave a Remainder of 
6, Which is leſs than 8 by 2, and then adding 2 to the 
laſt Product 630, you have 632 the Number required, 
which added to the Product of the four given Numbers, 8 
makes a ſecond Number of the ſame Quality; and that, 
with the ſame Addition, a third, and fo on. 4 
To find a Number that divided ſeparately by 3, 5, 7, 
leaves 2 remaining, and divided by 1 1 leaves no Remain» 
der: Divide 105, the Product of the firſt three Numbers 
given 3,5, 7, by the fourth 11; and in regard there re- 
mains 6, the Double of which, 12, ſurpaſſes the Divi- 
ſor 11 by 1; multiply the Product 105 by 2, that 210 
being divided by 11, there may remain 1; and fince tis 
defired that 9 may be the Remainder, which is leſs than 
the Diviſor 11 by 2, multiply the laſt Product 210 by 9, 
and then the Product 1890 being divided by 11, the Re- 
mainder will be 9; and therefore adding 2 to that laſt 
Product, you'll have a Number 1892, which leaves no 
Remainder, being divided by 11. 1 
In like manner, to find a Number that being divided 

by 5, or 7, or 8, leaves 3 remaining, and nothing when * 
divided by 11; Multiply by 9, 280 the Product of the 
firſt three Numbers given, 5, 7,8, and the Product 2520 
being divided by 11, thete remains 1, upon which you 
may make the Remainder 8, which is leſs than 11 by tbe 
given Number 3, by multiplying the foregoing Produ 
2520 by 8, which makes 20163, and conſequey tha 2 
2 -i 
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Sum, with the addition of 3, viz. 20163. is the Num- 
ber ſ-ughr for. This Problem directs us to ſolve the fol- 
lowing Queſtion. | 

Queſt, To find how many Piſtoles were in a Purſe thas 


Ik 4 Man has loft, but remembers, that, when he told them by 
Tos, or by Tbrees, or by Fives, there alway: remain d an odd 
one; and when he counted em by Sevens, there remain d none. 


Here we are to find a Number, that, when divided by 
either 2, or 3, Or 5, {till leaves 1 Remainder ; and when 
divided by 7, leaves o. Now there are ſeveral Numbers 
of that Quality, as appears from rhe foregoing Problem; 
and therefore to find rhe Number that really was in the 
Purſe, it behoves us to be directed by the Bulk or Weight 
of the Purſe. in order to determine that real Number. 

Now to find the leaſt of all theſe Numbers, let's firſt 
of all try for a Number that's exactly diviſible by 2, by 3, 
and by 5, and likewiſe by 7 when 1 is added to it. If 
=X you multiply together the three firſt Numbers given, 2, 3. 
3, their Product 39 will be diviſible by each ot theſe 
X three Numbers; but when you have added 1 to it, the 
Sum 31 is not diviſible by the fourth Number given, 7, 
for there remains 3; and ſince the Product 3o, when 
divided by 7 leaves 2, its Double 60 will leave 4 upon 
the like Diviſion, and by the ſame Conſequence its Triple 
90 Will leave 6 remaining, Now 6 wanting but 1 of 7, 
add that 1 to this triple Number 90, and ſo 31 will be 
exactly divilible by 7, and conſequently is the Number 
ſought for. | | 

To find the next larger Number that anſwers the Que- 
ſtion, multiply together the four given Numbers 2,3,5,7, 
and to their Product 210 add the firſt and leaſt Number 
found 91 ; the Sum 3or is the ſecond Number ſought 
for ; and if you add ro this ſecond Number the forego» 
ing Product 210, the Sum 511 will be the third Num- 
ber that ſolves the Queſtion; and ſo on in inſinitum. 


Thus, to reſolve the Queſtion, you may anſwer, that 


there might be in the Purſe 91 Louis d'Ors, or 301, or 
511; and the Bulk of the Purſe will ſerve to direct you 
Which of the Numbers was really in it. 
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PROBLEM XXIV. 


Of ſeveral Numbers given to divide each into to part, 
and to find two Numbers of ſuch a Quality, that ben 
the firſt part of each of the given Numbers is multi- 
plied by the firſt Number given, and the ſecond by the 
fecond, the Sum of the two Products is ſtill the ſame. 


CUVppole, for Example, theſe three Numbers given, 10, 


25, 30, and the Solution is requir d in entire Num- ; 


bers; Take any two Numbers for the two Numbers 
ſought for, provided their Difference be 1, or ſuch as 


may exactly divide the Product under the greateſt of theſe 3 


two Numbers and the Difference of any rwo of the three 

gow Numbers, and ſo, that the greateſt of theſe wo 
umbers multiplied by rhe leaſt given Number 10, ma 

be greater than the leaſt of theſ | 

plied by the _ given Number 30; ſuch are 2 and 7. 
The two 


2, Which is 1, which being ſubtracted from the firſt given 
Number 10, leaves the . 9 for the other part: 
and that being multiplied by the ſecond Number found 7, 
and the firſt part 1 being multiplied by the firſt Number 


found 2, the Sum of the two Products 63 and 2 is 65. 


To find the firſt part of the ſecond Number given, 25, 
multiply 15, the Difference of the firſt two Numbers gi- 
ven, 10925, by the greateſt Number found 7; and divide 
the Product 105 by 5 the Difference of the two Numbers 
found 2, 7; then add the Quotient 21 to 1, the firſt iſ 
part found of the firſt Number given 10; and the Sum 
22 will be the firſt part of the ſecond Number given 25, 
and conſequently rhe other part will be 3, which being 
multiplied by the ſecond Number found 7, and the firit 
part 22, being multiplied by the firſt Number. given 2, 
the Sum of rheir two Produtts 21,44, makes likewiſe * 4 


— 


—— — 


e two Numbers multi- 


umbers requir'd, 2 and 7, being thus found 
the firit part of the firſt given Number 10, may be taken 

at pleaſure, provided tis leſs than 10, and than the Num- 
ber ariſing from the Subtraction of the leaſt found Num- 
ber 2, multiplied by the greateſt given Number zo, 
from the greateſt found Number 7, multiplied by the 
leaſt given Number 160; and than the Number that ariſes 
from the Diviſion of the remainder 10 by 5 the Diffe- 
rence of the two Numbers found 2,7 ; that is, leſs than 
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Laſt of all, To find the firſt part of the third Number 
given 30, multiply 5, the Difference of the two laſt Num- 
bers given 25, 30, by the greateft Number found 7, and 


divide the Product 35 by 5, the Difference of the two 
"XZ Numbers found 2, 7; then add the Quotient 7 to 22, 
the firſt part of the ſecond Number given 30, and the 
Sum 29 will be the firſt part of the third Number given 
& 30, and conſequently the other part will be i, which 


being multiplied by the ſecond Number found 7, and 
the part 29 being multiplied by the firſt Number 

. 2, the Sum of the two Products 7, 58, makes 
ill 65. 

Or elſe multiply 20, the Difference of the firſt and 
the third Number given, by the greateſt Number found 7, 
and divide the Product 140 by 5, the Difference of the 
two Numbers found 2, 7; then add the Quotient 28 to 
I, the firſt part of the firſt Number given 10, and you'll 
have 29, as above, for the firſt part of the third Number 
given 30, 


If you take 1 and 6 for the two Numbers ſought for, 


and 4 for the firſt part of the firſt Number given 10, in 


which Caſe the other part will be 6, which being multi- 
lied by the ſecond Number found, 6, and the firſt part 4 
y the firſt Number found x, the Sum of the rwo Pro- 
ducts 36, and 4, is 40: Upon this Suppoſition, I ſay, 
the firſt part of the ſecond Number given 25, will be 


22, and —_— the other part 3, which being mul- © 


tiplied by the ſecond Number found 6, and the firſt part 
22 by the firſt found Number x, the Sum of the two Pro- 


ducts 18, 22, is likewiſe 40; and in fine, the firſt part 


of the third Number given 30, will be 28, and the other 
2, Which being multiplied by the ſecond Number given 
6, and the firſt 23 by the firſt t, the Sum of the two Pro- 
ducts is ftill 40. This Problem directs us to the Solution 
of the following Queſtion. | 

Queſt. One Woman ſold at Market 10 Apples at 4 
certain rate apiece; another fold 25 at the ſame rate; 
and a third ſold 30 ſtill at the ſame Price; and yet each 
of them brought the ſame Sum of Mony home with them. 


; The Queſtion is, how this could be ? 


"Tis manifeſt, That to fave the Poſſibility of the Que- 
ſtion, the Women muſt ſell their Apples at two different 
Sales, and at two different Rates, 9 at each Sale or 
Divigon, they (ell at the ſame Rate. Let the two dif 

| E 3 ferent 
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the ſecond 44, and the third 58. In the next place, 


Apple, at which Price the firſt ſells 4, the ſecond 22, 


which were found in the laſt Problem; the firſt Woman 


ples at 6 Farthings apiece, the firſt Woman will take 36 
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ferent Rates be 2 and 7, which are the two Numbers that 
we found in the foregoing Problem; and we'll ſuppoſe 


Apples Farthings Apples «Farth. 


X. ie 9 at 7 71 - 
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that at the firſt Sale they fold at 2 Farthings an Apple, 
and that at this rate the firlt ſells 1 Apple, the ſecond 
22, and tke third 29 ; the three Numbers r, 22, 29, 
being the firſt Parts of the three given Numbers X, 
XXV. XXX, which were found in the foregoing Pro- 
blem; in this Caſe the firſt Woman will taxe 2 Farthings, 
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if we ſuppoſe they ſell the reſt of their Apples at 7 Farth. 
then the firſt Woman will take 63 Farthings for the 9 
Apples ſhe had left, the ſecond will take 21 Farthings 
for the 3 Apples ſne had left, and the third 7 Farthings 
for the 1 Apple ſhe had left; and ſo each of em will 
take in all 65 Fartbings, 

Or, if you will, make the two different Rates 1 and 6, | 
which were the two Numbers found in the laſt Problem; 
and ſuppoſe at the firſt Sale they ſell at a Farthing an 


FLIP 


oe 


Apples Farth. Apples Farth, 
R ' of VP 6 ar 6 | 
XXV. 22 at 1 "= & OS 
XXX. 28 at 1 2 m 6h 


and the third 28 ; theſe three Numbers 4, 22, 28, being 
the firſt parts of the given Numbers X, XXV. XXX, 
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will take 4 Fatthings, the ſecond 22, and the third 28. 
Then ſuppoſe again, that they fell the reſt of their Ap- 


Farthings for the 6 Apples ſhe had lefr, the ſecond 18 for 
the 3 Apples ſhe had lefr, and the third 12 Farthings for 
2 Apples the had left. And thus every one of em will 
take in all 40 Farthings, N e 
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PROBLEM XXV. 


Dit of ſeveral Numbers given in Arithmetical Proorer. 
© fin, and ranged in a Greule Order, the 12 of 207 
3s an Unit; to find that which one has t ht of.” 
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4 O find the Number thought upon, of Ten Natur 
AF T Numbers ; for Inſtance, 1, 2, 3,4, 3, 6, 7, I 
9, 9, 10, diſpoſe em in a 
X, Circular Order, as you 
'Os ſee in the annext Cut; 
gs, which Numbers may 


Ls 


N 


repreſent Ten different 
Cards, the firſt of which 
correſponding to A, 
may be the Ace, and 
the laſt repreſented by ' 
K, may be the Ten. 
Bid him who thinks 
of one, touch any 
one Number or Card, 
which he pleaſes ; add 
to the Number of the | 
touchd Card the Number that expreſſes the Multitude 
of the Cards, which in this Inſtance is 10. Then make 
him who thinks of a Card, count that Sum backwards, 
or contrariwiſe to rhe Order of the Cards, beginning 
from the Card he rouch'd, and aſcribing to it the Num- 
ber thought of: For, by counting in this Order, he'll juſt 
finiſh or make up the Sum at the very Card thought of. 
For Example, Ler the Number rhought of be 3, re- 
reſented by the Letter C; and the Number touch'd 
6, correſponding to F; if you add 10 to 6, the 
touch'd Number, it makes 16 ; and reckoning 16 back- 
wards from the touchd Card F, by E, D, C, B, A, 
and ſo on in a Retrograde Order, fo as to begin the 
Number 3 upon the touch'd Card F, 4 upon E, 5 upon 
D, 6 upon C, and ſo on to 16, the 16 Number will fall 
upon C, which ſhews that 3, its reſpective Number, was 
the Number thought of, =” 
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PROBLEM XXVL 


— Three Perſons, to find how many Cards or cam : | 


each of 'em has got. 


LE T the third Perſon rake whar number of Cards or 4 
Counters he pleaſes, provided it be evenly even, that 
is, divifible by 4 ; let the ſecond take as many 7's as the 3 


other has taken 4's; and the firſt as many 13's. Then 


7 
bid the firſt give to the other two as many of his Coun- 
ters as each of em had before; and the ſecond to give 
to the remaining two as many of his Counters as each 
of em; and in like manner, the third to give to each 
of the other the ſame Number that they have. By this 


means 'twill ſo fall our, that they will all have the fame 
number of Counters, and each of *em will have double 
the Number that the third had at firſt. And for this 
reaſon, if you ask one of the three how many Counters 
he has got, half his Number is the Number the third had 


ar firſt; and if you take as many 7's, and as many 14's 4 
as there were 4's in the third Perſon's Number, you'll 
have the number of Cards or Counters that the ſecond 


and firſt took. 


For Example, If the third took 8 Cards, it behov'd f | 


the ſecond to take 14, that is, twice 7, becauſe there's 
| twice 4 in 8; and the firſt muſt 
1ſt. zd. 3d. take 26, that is twice 13 by the 
436. "bs g fame reaſon, If the firſt who has 


4 28 16 36 Cards, gives to the ſecond 14, 3 


7” 32 that is, as many as he had ar firſt; 
16 16 16 and to the third 8, that being his 
firſt Number, he will have only 4 
left to himſelf ; and the ſecond will have 28; and the 
third 16, But if the ſecond, who has 28 Cards, gives 
out of his Cards 4 to the firſt, who had juſt as many 
before; and 16 to the third, who had likewiſe as many; 
he will have 8 left to himſelf, and the firſt will have 8, 
and the third 32, In fine, if the third, who has got 32, 
gives 8 to each of the others, all the three will have 16 
which is the Double of 8, the Number that the third 
took up at firſt. 
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PROBLEM XXVII. 


7 o/ Thr in bens Cards, ro find what Card each of Thres 
= Perſons bas taken up. 


x = THE Number of each Card taken up muſt not ex- 
e = ceed 9. Then, to find out that Number, bid the 
firſt ſubtract 1 from double the Number of the Points of 
his Card, and after multiplying the remainder by 5, 
add to the Product the Number of the Points of the 
XX ſecond Perſon's Card. Then cauſe him to add to that 
Sum 5, in order to have a ſecond Sum; and after he 
has taken 1 from the Double of that ſecond Sum, make 
him to multiply the Remainder by 5, and add to the 
Product the Number of the Points of the third Perſon's 
Card, Then ask him the Sum arifing from this laſt Ad- 
dition; for if you add 5 to ir, you'll have another Sum 
compos d of three Figures, the firſt of which towards the 


firſt Perſon took up; the middle Figure will be that of 
the ſecond Perſon's Card; and the laſt towards the Right 
directs you to the third Perſon's Card. 

For Example, If the firſt took a 3, the ſecond a 4, 
= and the third a 7; by taking 1 from 6, the Double of 

the firſt 3, and multiplying the Remainder 5 by 5, we 
have 25 Product, to which we add 4, the Number of 
the ſecond Perſon's Card, which makes 29, and that, 
with the Addition of 5, makes the ſecond Sum 34, the 
Double of which is 68, and taking 1 from that, there 
remains 67, which being multiplied by 5, makes 335, 
and this, by the Addition of 7, the Number of the third 
Perſon's Card, and 5 over and above, makes the laſt Sum 
347, the three __ of which ſeverally repreſent the 
Number of each Card. 

Or, _ will, you may bid the firſt add x to the 
Double of the Number of the Points of his Card, and 
multiply the Sum by 5, and add to the Product the 
Number of the ſecond Perion's Card, Then bid him 
add in like manner i to the Double of the preceding 
Sum, and multiply the whole by 5, and add ro the Pro- 
duct the Number of the third Perſon's Card. Then ask 
him the Sum arifing from the laſt Addition, and fubtrat 


Left is the number of the Points of the Card that the 


Another 


way of an- 
ſwer ing the 


Problem. 


33 
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55 fromir, that ſo there may remain a Number com? 8 

d of rhree Figures, each of which repreſents, as a- 

ve, the Number of each Card. 1 

As in the foregoing Example, by adding 1 to 6 the 
Double of 3, the Number of the firſt Perſon's Card, 
and by multiplying the Sum 7 by 5, we have 35, which, 
with the Addition of 4, the Number of the ſecond Per. 
ſon's Card, makes 39, the Double of which is 78, ta 
which if we add 1, and multiply the Sum 79 by 5, we 
have 395 ; to that we add 7, the Number of the thizxd * 

{ Perſon's Card, and fo have 402, from which if we ſub- 
tract 55, the Remainder is 347, the three Figures of i 
which ſeverally reprelent the Number of each Card. 
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PROBLEM XXVIII. 


Of Three Cards known, to find which and which i: taken 
up by each of three Perſons. 1 


Or the three known Cards, we ſhall call one A, the 
other B, and the third C, and leave each of the 

_ three Perſons to pitch upon one of the three, which may 
be done ſix different 

Ways, as you ſee in the 
' Sums, annext Scheme, Give 
the firſt Perſon the Num- 

23 ber 12, the ſecond 24, 
24 the third 36. Then di- 
25 rec the firſt Perſon to 
27 add together the half of 
28 the Number of that Per- 

| 29 41ſon that has taken the 
Card A, the third parr 

of the Number of the Perſon that rakes the Card B, 
and the fourth part of the Number of the Perſon. that 
takes the Card C; and then ask him the Sum, which 
you'll find ro be either 23, or 24, or 25, or 27, or 28, 
or 29, as you ſee in the Table or Scheme, which ſhews, 
that if the Sum is, for Example, 25, the firſt will have 
raken the Card B, the ſecond the Card A, and the third 
the Card C; and if the Sum is 28, the firſt has taken 
the Card B, the ſecond the Card C, and the third the 
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PROBLEM XXIX 


4 To find out among ſeveral Cards, one that another has 
== thought of. , 


uss taken out of a Pack of Cards a certain Num- 
1 ber of Cards at pleaſure, and ſhewn them in order 
upon the Table, before the Perſon that is to think, be- 
einning with the lowermoſt, and laying them cleverly 
one above another, with their Figures and Points up- 
3 W wards, and counting them readily, that you may find our 
te Number; which, for Example, we ſhall here ſuppoſe 
to be 12; Bid him keep in mind the Number that ex- 
© preſſes the Order of the Card he has thought of, namely 
x, if he has thought of the firſt, 2, if he has thought of 
the ſecond, 3, if he has thought of the third, Sc. Then 
lay your Cards, one after another, upon the reſt of the 
Pack, in a contrary Situation, putting that upon the 
Pack firſt that was firſt ſhewn upon the Table, and. that 
laſt that was laſt ſhewn. Then ask the Number of the 
Card thought of, which we ſhall here ſuppoſe to be 4, 
that is, the fourth Card in order of laying down, - is 
the Card Songs of, Lay your Cards, with their Faces 
up, upon the Table, one after another, beginning with 


w r 12 
. 8 N 


the Card thought of; ſo the ſecond next to it will be 5, 
and the third under that 6, and ſo on, till you come to 
12, the Number of the Cards you firſt pitch'd upon to 
ſhew the Perſon; and you'll find the Card that the Num- 
ber 12 falls to, to be the Card thought of. ps 


the uppermoſt, which you're to reckon 4, the Number of 
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PROBLEM XXX. 


! Pareels of Cards bei d or ſhetn, to a 
many different Perſons. pe Ss that each Perſon 
may think upon one, and keep it in his mind; To fue 
the reſpective Card that each Perſon bas thought of. 


W Ell ſuppoſe there are 3 Perſons, and 3 Cards ſhewn 
ro the firſt Perſon, that he may think upon one 
of em, and theſe three Cards laid afide by themſelves ; 


Then 3 other Cards held before. the ſecond Perſon, for 
the ſame end, and laid apart; And at laſt, 3 different 
Cards again to the third Perſon, for the ſame end, and 
likewiſe laid apart, This done, turn up the 3 firſt Cards, 


laying them in three Stations; upon theſe three lay the 
next three other Cards that were ſhewn to the ſecond 
Perſon; and above theſe again the three laſt Cards. 
Thus you have your Cards in three Parcels, each of 


which conſiſts of 3 Cards. Then ask each Perſon in 9 
what Lift is the Card he thought of; after which twill 
be eaſie to diſtinguiſh it; for the firſt Perſon's Card wil! 


be the firſt of his Heap; and in like manner the ſecond's 
will be the ſecond in his; and the third Perſon's Card 
will be the third in bis, 


PROBLEM XXXI. 


Several Cards being ſorted into Three equal Heaps, #8 
gueſs the Card that one thinks of. 


TI. evident that the Number of Cards muſt be divi- 

ſible by 3, ſince the three Lifts are equal. Suppoſe 
then there are 36 Cards, by conſequence there are 12 in 
each Lift; ask in what Lift is the Card thought up- 
on; then put all the 3 together, ſo as to put that 
which contain d the Card thought upon between the o- 
ther two; then deal off the 36 Cards again into three 
equal Hands, obſerving that order, of the firſt Card to 
the firſt, the ſecond to the ſecond, the third to the third, 
the fourth to the ficlt again, and fo round, dealing — 
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W as you did before, into three equal Lifts, Thus 
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Card at a time, till the Cards are dealt off. Then ask again, 
in what Hand or Heap is the Card thought upon, and af- 
ter laying together the Cards, fo as to put that Lift which 
contain'd the Card between the other two, deal off again, 

one, 
ask once more, what Lift the Card is in, and you'll ea- 


C Gly diſtinguiſh which is ir, for it lies in the middle of the 


Lift to which it belongs; that is, in this Example, tis 
the fixth Card; or, if you will, to cover the Artifice the 


L better, you may lay them all rogether, as before, and 


the Card will be in the middle of the whole, that is, 


de Eighteenth, 


PROBLEM xxx. 


To 1 the Number of a Card drawn out of 4 compleat 
Stock. ; 


AF one hath drawn what Card he pleaſes out of a 
compleat Stock of 52 Cards, for Inttance, ſuch as 
we play at Ombre with, you may know how many 
Points are in the Card thus drawn, by reckoning every 
fac'd Card 10, and the reſt according to the Number 
of their Points; Then looking upon the reſt of the Cards 
one after another, add the Points of the firſt Card to 
the Points of the ſecond, and the Sum to the Points of 
the third, and ſo on, till you come to the laſt Card, ta- 
king care all along to caſt out 10, when the Number 
exceeds it; upon which account you ſee tis needleſs 
to reckon in the 10's or the faced Cards, fince they are 
to be caſt out however. Then if you ſubtract your 
laſt Sum from xo, the Remainder is the Number of the 
Drops of the Card drawn. 

is eaſie to know, that when Nothing remains, the 
Card drawn is either a 10 or a faced Card; and that 
in this Caſe, if it be a faced Card, one can't diftin- 
guiſh whether it be King, Queen, or Knave: Now, in 
order to be Maſter of that Diſtinction, the beſt way 
is, to make uſe of a Stock of 36 Cards only, ſuch as 


we formerly us d for Piquet, and reckon a Knave 2, a 


Queen 3, and a King 4. 

If you make ule of a Stock of 32 Cards only, ſuch 
as is now ulcd for Piques, you re to follow the 5 Ro 
| 12 urte 


Mathematical and Phyfical Recyeations; 
Courſe as is above preſcrib'd, only, you muſt always add 
4 to the laſt Sum, in order to have another Sum, which 
being ſubtracted from 10 if ir be leſs, or from 20 if it ſur- 

aſſes 10, the Remainder will be the Number of the 

rd drawn ; ſo that if 2 remains tis a Knave, if 3 a 
Queen, if 4 a King, Ge. 

If the Stock is not full, yon muſt rake notice what 
Cards are wanting, and add to the laſt Sum rhe Number 
of all the Cards that are wanting, after ſubtracting from 
that Number as many 10's as are to be had ; upon 
which, the Sum arifing from this Addition, is to be ſub- 
trated, as above, from 10 or from 20, according as tis 
above or under 10, This done, tis evident by caſting | 
your Eye once more upon the Cards, you may tell what 
Card was drawn. 4 


PROBLEM XXXIII. 


To 2.45 the Number of the Points or Drops of Two Cards 
amn out of a compleat Stock of Cards. 


JE? a Man draw at pleaſure Two Cards out of a 
Srock of 52 Cards ; bid him add to each of the 
Cards drawn as many other Cards as his Number is 
under 25, Which is the half of all the Cards, wanting 
1, fixing upon each faced Card what Number he pleaſes ; 
as if the firſt Card be to, add to it 15 Cards; and if 
the ſecond Card be 7, add to i 18 Cards; fo that in 
this Example there will remain but 17 Cards in the Stock, 
the whole Number taken our amounting to 35. Then 
taking the remainder of the Pack into your hands, and 
finding they are but 17, conclude that 17 is the joint 

Number of all the Points. of the two Cards drawn, 
To cover the Artifice the better, you need not rouch 
the Cards, bur order the Drawer to ſubtract the Num- 
ber of the Points of each of the two drawn Cards from 
26, which is balf the Number of all the Cards, and di- 
rect him to add together the two Remainders, , and ac- 
quaint you with the Sum, to the end you may ſubtract 
it from the Number of the whole Stock, 3. e. 52 ; for 
the Remainder of that Subtraction is what you look for. 
For Example, Suppoſe a 10 and a 7 are the Cards 
drawn; take 10 from 26, there remains 16 and —_ 
7 irom 


, 


1 
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5 from 26, the Remainder is 19: the Addition of the 
two Remainders 15, 19, makes a Sum of 35, which 
ſubtracted from 52, leaves 17 for the Number of the 
Drops of the two Cards drawn, 

The ſame is the Management in a Stock of 36 or 32 
Cards; only to colour the Trick the better, inſtead of 
26, the half of the Cards, when they make 52, rake an- 
other leſſer Number, bur greater than 10, as 24, from 
which taking 10 and 7, there remains 14 and 17, the 
Sum of which, 31, being ſubtracted from 52, the Sum 
of all the Cards, leaves 21 the Remainder; from which 
ſubtract again 4, which is the Double of the Exceſs of 
26 above 24, and fo the Remainder is 17, the Number 
of the Points of the two Cards drawn, viz 10 and 7. 

If you make uſe of a Piquet Stock, conſiſting of 36 
Cards, inſtead of 18, the Half of 36, the Number of all 


. the Cards, take in like manner a leffer Number, ſuch as 


16, from which take 10 and 7, and there remains 6 and 3, 
the Sum of which, 15, being ſubtracted from 36, the 
Nuraber of all the Cards, leaves 21 remaining ; from 
which ſubtract again 4, the Double of the Exceſs of 18 
above 16, and ſo the 17 remaining is the Number of the 
Points of the two Cards drawn, 

In like manner, if this Piquet-Stock confiſts only of 
32 Cards, inſtead of 16, the Half of 32, the Number 
or the whole Stock, take any leſſer Number you will, 
provided it be greater than 10, ſuch as 14, from which 
take 10 and 7, and the Remainders are 4 and 7, the Sum 
of which, 11, being taken from 32, leaves 2, and ta- 
king from that 4, the Double of the Exceſs of 16 a- 
bove 14, you have 17 remaining, the Number of the 
Prints of the 10 and the 7 drawn. 


PROBLEM XXXIV. 


'To * ſs the Number of all the Drops of Three Cards 
amm at pleaſure out of a compleat Stock of Cards. 


O ſolve this Problem as the former, after the ſhort- 
eſt way, the Number of Cards contain'd in the 
Stock muſt be divifible by 3; ſo that neither a Stock 


of 52, nor one of 32, are proper ; but one of 36 is, in 


regard 36, the Number of all the Cards, has 12 for — 
their 


8 
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third part, which will aſſiſt us in the Solution of the 
Queſtion, as follows: 

Let a Man draw at pleaſure Three Cards out of a 
Piquet-Stock of 36 Cards, bid him add to each of theſe 
Cards as many other Cards as the Number of their 
Points falls ſhort of 11, which is the third part of the 
Number of all the Cards, wanting one, allotting, as 
in the foregoing Problem, to each faced Card what 
Number he * As if the firſt Card is 9, he adds 
to it 2 Cards; if the ſecond is 7, he adds to it 4; 
and if the third is 6, he adds 5, which make in all 14 
Cards; ſo that in this Example, the Remainder of the 
whole Stock is 22 Cards, which denotes the Number of 
all the Points of the Three Cards drawn. | 
* The better to colour the Arrifice, you need not touch 
a Card, but bid him ſubtract the Number of the Points 
of each of the three drawn Cards, from 12, the third 
part of 36, the Number of the whole Stock, and add 


nal Sum, which you're ro ſubtract from 36, and the Re- 
mainder of that Subtraction is what you look for. 

As in this Example ; Suppoſe he drew a Nine, a Seven, 
and a Six ; take 9 from 12, there remains 3; take 7 
from 12, there remains 5; and take 6 from 12, there 
remains 6; add the three Remainders, 3, 5, 6, the Sum 
is 14, which taken from 36 leaves 22 for the Number of 
the Drops of the three Cards drawn. 

To colour the Trick the better, and to apply the Rule 
ro a Stock that conſiſts of fewer or more than 36 Cards, 
ſuch as one of 52 Cards, make uſe of a Number greater 


than 10, and lefler than 17, the third part of 52, for In- 


ſtance 15: Bid him who drew the three Cards, add to 
each of his drawn Cards as many other Cards as the Num- 
ber of their reſpective Points is under 15: For Example, if 
the firſt Card be 9, he adds to it 6 Cards; if the ſecond is 
7, he adds 8; if the third is 6, he adds 9, which makes in 
all 26 Cards; ſo that in this Example there will remain 
in the main Stock 26 Cards. Taking the main Stock 
into your hands, and finding you have 26 Cards, ſub- 
tract from 26 the Number 4, which is the Exceſs of 52, 
the Number of the whole Stock, above the Triple of 
15, 4- 3, ie. 48; and the Remainder 22, is the Number 
of all the Points of the three Cards drawn. 


Or 


together the three Remainders, and tell you the Additio— 
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Or elſe you need not touch the Cards, but bid the Per- 
ſon that draws ſubtract the Number of the Drops of each 
of the three Cards drawn, from 16, which is 1 more than 
the firſt Number 15, and add together all the Remain- 
ders, and acquaint you with the Sum; then do you ſub- 
tract that Sum from the Number above-mention'd, 48, 
and you'll find the Remainder to be the Number of all 
the Points of the three Cards drawn. 

For Example, Suppoſe he drew a 9, a 7, anda 6; 
take 9 from 16 there remains 7; take 7 from 16 there 
remains 9; take 6 from 16 there remains 10; add theſe 
three Remainders, 7, 9, 10, the Sum is 26, which ſub- 
tracted from 48, leaves 22 for the Number of the Points 
of the three Cards drawn. | | 

In like manner, in a Pack of 36 Cards, take a larger 
Number than 10, for Inſtance 15; and taking notice of 
the Additional Cards, which amount to 26, as you ſaw 
but now, ſubtract that Number, 26, from 36, the Num- 
ber of the whole Pack, and to the Remainder to add 12, 
which is the Exceſs of the Triple of 15, + 3, 1. e. 48, 
above 36, the Number of the whole; and you'll find the 
Sum 22 to be the Number of Points enquired after. In 
a Piquet Pack of 32 Cards, inſteag of 12 you muſt add 
16, by reaſon that 16 is the remainder of 32 ſubtracted 
from 48. © 
In imitation of this and the foregoing Problem, 'twill 

be eaſie to ſolve the Queſtion upon four, or more, Cards 


drawn, 2 
PROBLEM KXXXV. 
Of the Game of the Ring. 


FPHIS is an agreeable Game in a Company of ſeveral 
Perſons, not exceeding 9, ( unleſs you have a mind 


to it) in order to the eaſier Application of the 18th Pro- 


blem, viz. by reckoning the firit Perſon r, the ſecond 2, 
the third 3, and ſo on; and in like manner, reckoning 


the Right-hand 1, the Leſt-hand 2; the Thumb of the 


Hand t, the Fore-finger 2, the third Finger. 3, the fourth 
4, and the little one 5; the firſt Joynr 1, the ſecond 2, 
and the third 3. For, if you put the Ring to one in the 
Company, for Inſtance; the fifth Perſon, and that upon 
the firſt Joynt of the fourth Finger of the Left-hand ; tis 

F A evident, 


—— 


8 


L 
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evident, that in order to guels who has the Ring, and 
upon which Hand, which Finger, and which Joynt, one 
has only theſe four Numbers to gueſs, 5, 1, 4, 2, the 


firſt Number 5 repreſenting the fifth Perſon ; the ſecond 1, 


the firſt Joynt; the third 4, the fourth Finger; and the 
laſt 2, the Left- hand. Now this is perform'd by obler- 
ving the laſt Method of Problem 18. foregoing, as ap- 
pears from the following Operation, 

Taking 1 fron 10, the Double of the firſt Number 5, 
and mulriplying 9, the Remainder, by 5, you have 45; 


adding to that the ſecond Number 1, you have 46, to 


which if you add 5, you have 51 for a ſecond Sum: 
The Double of this ſecond Sum is 1c 2, from which take 


x, there remains oi, which being multiplied by 5, makes 


505, and that with the Addition of 4, the third Number, 
makes 509, to which if you add 5, you have this ſecond 
Sum 514, the Double of this 1028 leſſned by 1, and the 
Remainder wulriplied by 5, makes 5 135, to which ad- 
ding the fourth Number 2, you have this Sum 5137, and 
that augmented by 5, gives this ſecond Sum 5142, the 
four Figures of which repreſent the four Numbers inqui- 
red for, and by conſequence denote, that the Ring is up- 
on the firſt Joynt of the fourth Finger of the Lefr-hand 
of the fifth Perſon, ® | 


PROBLEM XXXVI. 


After filling one Veſſe! with Eight Pints of any Liquor, 
to put juſt one half of that Quantity into another Veſſel 
that bolds Five Pints, by means of a third Veſſel that 
will hold three Paints. | 


f Queſtion is commonly pur after the following 
manner: A certain Perſon having a Bottle fill d with 
$ Pints of excellent Wine, hd a mind to make a Preſent 
of the Half of it, or 4 Pints to one of his Friends; but 
he has nothing to meaſure it out with bur two other Bot- 
tles, one of which contains 3, and the other 3 Pints. 
Quere, how be ſhall do to accompliſh. it ? 


To 
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To anſwer this Queſtion ; let's call the Bottle of 8 
Pints A, the 5 Pint-Bortle B, and the 3 Pinr-Bottle C, 
We ſuppoſe there are $ Pints of 


e Wine in the Bottle A, and the other 8 5 3 
R two, B and C, are empty, as you ABC 
1 ſee in D. Having filld- the Bottle D 8 © o 

B with Wine out of the Bottle A, E 3 5 o 
: in which there will then remain but E 3 2 3 
— 3 Pints, as you ſee at E; fill the Bot- G 6 2 o© 
5 tle C with Wine out of the Bottle B. H 6 o 2 
. in which, by conſequence, there will I x 5 2 
* then remain but 2 Pints, as you ſee at K 1 4 3 
* F. This done, pour the Wine of the 
, Bottle C into the Bottle A, where there will then be 
4 6 Pints, as you ſee in G; and pour the 2 Pints of 
» the Bottle B into the Bottle C, which will then have 2 
N Pints, as you fee at H; then fill the Bottle B with Wine 
1 out of rhe Bottle A, by which means there will remain 
. but 1 Pint in it, as you ſee at I; and conclude the O- 
4 peration by filling the Bottle C with Wine out of the 
{ Bottle B, in which there will then remain juſt 4 Pints, 
1 as you ſee at K; and ſo the Queſtion is ſolv d. 


f, inſtead of the Bottle B. you would have the 4 Rema-k. 
Pints to remain in A, which we ſuppoſed to be fill d 
with 8 Pints; fill the Bortle C with 
Wine out of the Bottle A, and fo G 
there will remain bur 5 Pints in it, * 
as you ſee at D; pour the three Pints y 
of the Bottle C into the Bottle B, 
which will then have 3 Pints of Wine, 
as you ſee at E; and having again 
filld the Bottle C with Wine out of 
the Bottle A, where there will then 
remain but 2 Pints, as you fee at F; 
fill up the Bottle B with Wine our 
of C, where there will then remain but 1 Pint, zs you | 
ſee at G; at laſt, having pour'd the Wine of the Bot- | 
tle B into the Bottle A, where there will then be 7 
Pints, as you ſee at H; pour the Pint of Wine chat |; 
is in C into the Battle B, which by conſequence will . 
have only 1 Pint, as you fee at I; fill the Bottle C | 
with Wine out of the Bottle A, where there will then 
remain juſt 4 Pints, purſuant ro the Demand of the 
Queſtion, as you ſee at K. 2 | 
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on this Conſideration, I ſhall here take in only ſuch Pro 


PROBLEMS 


GEOMETRY. 


EOMETRY is not leſs fertile than Arith- 

metick, but tis not ſo eaſily underſtood, and 

E ' conſequently not equally agreeable, by reaſon 

that without Demonſtration it does not lay open the 
Proof of its Operations ſo exactly as Arithmetick; up- 


blems as ſeem to be the plaineſt and moſt entertaining, 


PROBLEM Il. 
To, raiſe 4 Perpendicular on one of the Extremities of 4 


Line given. 


JN order to draw a Line perpendicular to the given 
Line AB, at its Extremity A, take at pleaſure three 
equall parts of it, exten- 
ding the Line to B, fo as 
to make the laft part ter- 
minate in B. Theſe equal 
parts being A C, CD, and 
DB, deſcribe at the In- 
terval CB, from the Points 
B and C, two Arches 
of a Circle that cut one 
another at the point E ; 
an 


10 — hv, 


K 


and from u. Geometrical Problems. 


Extent of the Compais & ond C, deſcribe with the {ame 
cut one another at the point E, ro wh. a Circle that 
End A, draw che ſtreight Line A F which is petpemcien 
lar to the given Line AB. 0 

If you have a mind to draw another Line equal and 

rpendicular to AB, upon B, the other end of the given 
Ling AB, divide the given Line iato three equal parts ar 
the points C and D, and after finding the point E, as a- 
bove directed, draw, with the Interval A E, upon the 
Extremity B, the Arch of a Circle GH I, and ſer off 


the ſame Aperture of the Compals twice upon the ſame 


Arch, viz. from G to H, and from H to I. Then keep- 
ing ſtill the ſame Aperture, deſcribe from the two points 
H and I, two Arches of a Circle that cut one another at 
the point K, and draw the ſtreight Line A K, which 
is equal and perpendicular to the Line given A B. 


PROBLEM II. 
To draw from a point given, a Line parallel to a Line given, 


1 the point given be C, and the Line given be AB; 
take at pleaſure rwo points upon the given Line near 
the rwo Extre- 

mities A and B, i 
ſuch as D and 

E ; with the di- | 

ſtance D E, de- E — —— — 
ſcribe an Arch 

of a Circle from a . 

the point given 

Cʒ then deſcribe 4 — — 

from the point *= - it 3 

E, with the A- 

pertute CD, another Arch of a Circle, that meets the 
firſt at the point F, from which to the point C draw the 
ſtreight Line CF; "will be parallel to, the Line gi- 
ven AB. | * 

If you would have the parallel Line equal to the Line 
given A B, inſtead of making uſe of the two poins D and 
E, pitch at A and B, that is, deſcribe from the given 
point C with the diſtance of the Line given AB, an _ 


F 3 
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of a Circle * and amwo Arches will meet at G, to which 
ſtanca . point given C, draw the ſtreight Line C G equal 
and parallel to the Line given A B. | 


PROBLEM u.. 
To divide, with the ſame Aperture of the . 4 given 


Line, into as many equal parts as you wi 


TF you would divide the given Line AB, into fout 
equal parts, for Inſtance ; prolong the ſame Line, and 
run out upon it the four equal parts AB, BC, CD, DE; 


T 


and continuing the ſame Aperture ef the Compaſs, raiſe 
upon theſe equal parts the four Equilateral Triangles 
ABF, BCG, CDH, DEI; laſtly, draw the Right- 
Lines AG, AH, AI, and then the Line HM will re- 
preſent one of the four equal parts of the given Line 
AB; the Line DM will conſequently repreſent the 
remaining 3, and the Line EK, or BK will repreſent 
two of em. e 

But the Line AI alone is ſufficient for the Opera- 
tion; for it cuts off the Line B 1 equal to the fourth 
part of the Line AB. the Line C2 equal to the half 
of AB, and the Line D 3 equal to+ of A B. The Line 
A H divides the given Line AB into three equal part, 
of which the, Line GL repreſents one, and by conſe- 
quence CL repreſents two: But the Line A gives like- 
wiſe the Diviſion of A B into three equal parts; for 
the Line BN repreſents one, CO two, and by conſe- 
quence H O allo repreſents 4, | 
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PROBLEM IV. 


To make an Angle equal to the Half, or to the Double 
of an Angle given. 


O make an Angle equal to the half of the given 
L Angle ABC, deſcribe upon its point B what Semi- 
Circle you will, as DEF, | 
and draw-the right Line 
DE, which will form at C 
the point D, the Angle 
ADG equal to the half 
of — given Angle ABC. 
or an Angle equal to "Sg 
the double 2 — given D B F4A 
Angle A D G, fix the point 
B upon any part of the Line A D, and from thence at 
the Diſtance D deſcribe the Semicircle DE F, and joyn 
the Line B E, which will form at B the Angle ABC, 
equal to the double of the Angle given A DG. 


PROBLEM V. 


To make an Angle equal to the third part, or to the 
Trifle of an Angle given. 


IRST, for an Angle equal to the third part of the 
Angle given ABC, deſcribe at pleaſure from its 
point B the Semicir- 

cle DE F, and apply 4 * 

a ſtreight Ruler to E, E H 
in ſuch a manner, that . 
its part GI, termina- 1 

ted 8 

rence "KR 

the Line AD = OO” F A. 
long'd, may be equal 

to the Semidiameter BD or BE; then draw the right 
Line GE, which will form ar the point G the Angle 
AGH, equal ro + of the Angle ABC; and confe- 
qently the Arch I D will likewiſe be equal to a third 
| F 4 part 
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part of the Arch E F, which is the Meaſure of the given 


Angle ABC. 

In the ſecond place, for an Angle equal to the triple 
of the Angle given AGH rake the point J at diſcre- 
tion upon the Line GH, upon which Poirt I, ſet one 
Foot of your Compaſſes, and, with the Diſtance I G, 
make an Arch which will cut the Line AG in the Point 
B, upon which, with the ſame Diſtance, deſcribe rhe 
Semicircle DEF, which will paſs through the point I, 
and give upon the Line G H the point E, to which, from 
the point B, draw the right Line BE, which will 
N fag Angle ABC, the triple of the given Angle 
AGH. | 


PROBLEM VI. 


To find a third Proportional to two Lines given, and as 
many other Proportionals as you will. 3 


ET the two Lines given be AB, AC, to find a 
third Proportional to 'em, - deſcribe from B, the end 
| of the firſt Line, at the di- 
©; ſtance A the other end, the 
: Arch of a Circle A E; up- 
on that Arch take the Length 
of the ſecond Line AC, from 
A to F; then {et off from F 
= the ſame Length upon the 
3 3 Line AC prolorg d as far as 
—.— | you have occaſion, which will 
reach to D, and A D will be 
a third Proportional to the two Lines given AB, AC. 
In like manner, to find a fourth Proportional to the 
three Lines AB, AC, AD, (which is the ſame thin 
as a third Proportional to the two Lines AC, A 55 
d ſcribe from C the end of the firſt Line AC with the 
Compaſſes open'd to A the Arch of a Circle AG, up- 
on which ſet off the Length of the other Line A D ſtretch- 
ing from A to G; and upon the Line A D, being pro- 
long' d, fer off the fame Diſtance from G, which will 
reach to E, and the Line A E will be the Line you want; 
and ſo of the other Proportionals, TOE On 
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PROBLEM VIE 


To deſeribe upon a Line given as many different Trian= 
gles as you pleaſe with equa! Area's, 


T* the Line given be AB, draw at pleaſure” the Pas 

rallel CD, upon which mark, at diſcretion, as many 

different points as you would have equal Triangles, as 
* 


C E — — 


1 1 N 


E, F, and G, for three Triangles. Draw from theſe 
three points right Lines ro A and B, the Extremities of 
the given Baſe AB, and then you have three equal Tri- 
angles AEB, AFB, AGB, upon the ſame Baſe AB, 


PROBLEM VIIE 


To deſeribe upon 4 given Line any demanded Number of 


_ different Triangles, the Circumferences of which are equal. 


F the Baſe = is AB, divide it equally into two at 
the point C, and lengihen it on each band, at plea= 


| H 
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ſure, to D and E, for Inſtance, making the two Lines 
CD and C B equal, and taking the whole Line D E for 
the Sum of the two ſides of each Triangle, that's to be 
deſcrib'd on the given Baſis A B, after this manner: 

From the point A deſcribe, with the Compaſſes a lit- 
tle more opened than AD, the Arch of a Circle, and 
apply the ſame Aperture to the Line D E, ſtretching from 
Dro 1 ; then with the Aperture or Diſtance I E, deſcribe 
from the Centre B another Arch of a Circle, which here 
cuts the firſt at E, and that ſhall be the top of the firſt 
Triangle ABF. 

In like manner, draw from the point A, with an Aper- 
ture ſome what larger than A B, an Arch of a Circle, and 
ſetting off the ſame Diſtance upon the Line DE from 
D to K, deſcribe from the point B at the Diſtance K E, 
another Arch of a Cirele, that cuts the former at G, 
which will be the top of the ſecond Triangle A GB, the 
8 of which will be equal to that of the firſt 
AFB. 

If you defire a third Triangle, draw from the point A, 
an Arch of a Circle, with the Compaſſes open'd a lit- 
tle more than the length of A G, and having ſer off the 
ſame Diſtance, as above, upon the Line DE, from D to 
L ; deſcribe from the point B with the Interval L E 
another Arch of a Circle that here cuts the former at , 
which will be the top of the third Triangle A H B, 
the Circumference of which is the ſame with that of the 
two preceding Triangles, And ſo of the reſt, 

F, G, and H, the tops of all theſe Triangles fall upon 
the Circumſerence of an Ellypfis, the great Axis of which 
is DE, and the two Foruss A,B. 
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PROBLEM IX. 


To deſeribe two different Iſoſeeles Triangles, of the ſame 
Area, and the ſame Circumference. 


Aving prepared a Scale of equal parts of what Length 
| an we purine $ = B, the two parts or 
Segments G A and G B, each of which is equal to 1 parts 


Ta GY D 20 H 26 E 


upon the Scale. From the point G upon the Baſe A B raiſe 
the Perpendicular G C equal to 35 of thg ſame parts, and 
joyn the rwo equal Lines AC,BC, and fo you'll have the 
firſt Iſoſceles Triangle ABC, in which each of the two 
equal Sides A C, B 23 be found 37 parts, as will ap- 
pear by adding 144 the Square of the t AG, to 
1225, the gqquare of the Perpendicular C G, and by taking 
the Square- Root of the Sum 1369. 

Now, to have a Triangle of the ſame Area and Cir- 
cumference with that now deſcrib'd, take. upon the Baſe 
DE, the two Segments HD, H E, of 20 parts each; 
and having rais d from the point H upon the Baſe DE, 
the Perpendicular H F of 21 parts, joyn the equal Lines 
EF, D F, each of which will be 29 parts, as will ap- 
pear by adding 400 the Square of the Segment DH, to 
41, the Square of the Perpendicular H E, and extracting 
the Square-Roor of the Sum 841. 

Thus you'll have the Iſoſceles-Triangle DEF, the 
Circumference of which, 98, is equal to the Circumfe- 
rence, that is, the Sum of the three Sides of the 3 Iſo- 
| les- 
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ſceles-Triangle ABC; and of which the Area or Con- 
rent 420, is equal to that of the ſame firſt Triangle, as 
appears by multiplying D H by F H, or 20 by 21 ; be- 


_ cauſe the Product 420 ariſing from thence, for the Area 


of the Triangle D E F, is the ſame with that arifing from 
the Multiplication of AG by CG, or 12 by 35, tor the 
Area of the Triangle ABC. 

You may deſcribe as many Couples as you will of Iſo- 
ſceles-Triangles with the ſame Area and Circumference, 
by finding their Numeral Quantities ; and that is done 
by finding the two Generative Numbers of the two 
Halfs AGC, DHF, which are two equal Rectangle- 
Triangles, that may then, by the means of their Gene- 
rative Numbers, be expreſs d in Numbers, as was ſhewn 
above, Probl. VI. Arithm. Now. theſe two Generative 
Numbers will be found by this General Rule, which is 
demonſtrable : 

If you divide the Difference of two Cubes by the Dif- 
ference of their Sides, and multiply that Difference of the 
Sides by the Sum of the ſame Sides, you'll have the two Ge- 
nerative Numbers of the firſt Rectangle- Triangle A GC; 
and if you divide the Difference of the ſame two Cubes by 
the Difference of their Sides, as above, and multiply the 
Sum of the leſſer Side and the Double of the larger, by 
the leſſer Side, you have the two Generative Numbers of the 
ſecond ReAangle-Triangle DHE. f 

You may ting to Infinity the two ſame Rectangle- 


Triangles, by this other Canon: If, of two Numbers, 


the greateſt of which is leſs than the Quintuple of the leaſt, 
you multiply the Sum by the Differggce; and if you mul- 
eiply. the Sum of the greater, and of the S 277 of the 
leaſt, by the Double of the leſſer, you have tb to Gene- 
rative-Numbers of the firſt Rectangle- Triangle A GC; and 


af from the Square of the Sum of the greateſt, and of the. 


Double of the leaſt, you ſubtract the Square of the leaſt, and 
multiply the Exceſs of the Quintuple of the leaſt above the 
greateſt, by the Double of the leaſt, you'll have the two Ge- 


. erative Number: of the ſecond Rightangled Triangle D H F. 
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PROBLEM X. 
To deſcribe three different Refiangle-Triangles, with equal 


Area 5. 


EROM a Scale of equal parts rake the Baſe AB of 4z 
parts, and the Altitude or the Perpendicular A C of 

40 parts; and then B C a 

the Hypothenuſe of the 

fir ii Righrangled Trian- c 


gle A B C will be found TÞ 
of 58 Parts, as appears by 40 So 
adding 1764, che Square 


of the Baſe A B, unto + — J 
1600, the Square of the 1 — : 
Perpendicular AC, and 15 f 7 


extracting the Square 
Root of the Sum 3364. 

Then lay down DE, the Baſe of the ſecond Right- 
angled- Triangle, of 70 parts, and the Altitude D F of 24, 
and the Hypothenuſe will be found to be 74, as appears 
by adding together 4900, the Square of the Baſe DE, to 
576 the Square of the Altitude D E, and extracting the 
Square Root of the joynt Sum 5476. Thus the Area of 
this ſecond Rightangled-Triangle DEF will be equal to 
that of the firit, each being 840, as appears by multi- 
plying the Baſe by the Height, and halving the Product. 

At laſt take F G, the Baſe of the third Rightangled- 
Triangle EG H of 112 parts, the Altitude FH of 15, and 
the Hypothenuſe B C will be 113, as appears by adding 
12544 the Square of the Baſe E G, to 225 the Square of 
the Altitude FH, and extracting the Square Root of the 
Sum 12769. Thus the Area of this third Triangle is like- 
wile $45. | ; 

Theſe three Triangles have thus been found in Integers, 
by the Rule drawn from Algebra, which ſhews, that in 
order to find three equal Righrangled Triangles in entire 
Numbers, we muſt firſt find three Numbers that will ſerve 
for Generative Numbers, and that after this manner: 

If you add the Product of any two Numbers, to the 
Sum of their Squares, you have the firſt ; The Difference 
of their Squares is the ſecond; and the Sum of their _ 


— 
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duct and of the Square of the leaſt is the third Genera. 
tive Number. | 

IF of the three Numbers thus found you form three 
Rightangled Triangles, viz. > one of the two firſt, another 
of the two Extremes, and a third of the firſt and the Sum 


of the other two, theſe three Rightangled-Triangles will be 


equal one to another. 
You may find in Fractional Numbers as many Right- 
angled Triangles as vou will, whoſe Area's are equal to 
one another, and equal to one of the three foregoing, by 
finding from this Rightangled Triangle another Right- 
angled» Triangle equal, after the following manner: 
From another ReQangle-Triangle of the Hypothenuſe of the 
Rectangle- Triangle propos d, and the Quadruple of its Area. 
Divide the Triangle thus form'd by the Double of the Product 
ariſing from the Multiplication of the Hypothenuſe of the Re- 
— Triangle propty d, by the Difference of the Squares of 
the two other Sides of the ſame Rettangle-Triangle. Thus you'll 


' have a Rightangled Triangle equal to the propos d Triangle. 


PROBLEM XI 


To deſeribe three equal Triangles, the firſt of which ſhall 
be Rightangled, the ſecond an Oxygonium, and the third 


an Amblygonium. 


ROM a Scale of equal parts which may repreſent 
Feet, Fathoms, or what you will, rake AB, the Baſe 
of the Righr-angled 
Triangle ABC of 24 


T | 
1» ; parts, and the Altitude 
þ- 40 F AC of 7, and then 
: | 


the Hypothenuſe B C 
. will be 25, as appears 
by adding 576, the 
Square of the Baſe AB 
to 49 the Square of 
the Altitude AC, and 
extracting .the Square Root of the Sum 625. 

Then upon D E the Baſe of the Acute-angled Trian- 
gle DEF, take the Segment K D of ; parts, and the 
Segment K E of 9; and from the point K, upon the 
Baſe DE, raiſe the Perpendicular K F of 12 parts, _ 

| en 
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then the fide D F will be found 13, as appears by ad- 
ding 25, the Square of the Segment DR, to 144 the 
Square of the Altitude E K, and extracting the Square 
Root of the Sum 169: And the other fide will be 
found 15, by adding the Square 81 of the Segment K E, 
to 144 the Square of the Perpendicular K F, and extra- 
cting the Square Root of the Sum 225, 

Ar laſt, upon GH the Biſe of the Obtuſe-angled Tri- 
angle GHI, take the Segment LG of fix parts, the 
Segment LH of 15, and from the point L upon the Baſe 
GH raiſe the Perpendicular LI of 8 parts; and the 
fide GI will be found 10, by adding and extracting as 
before; as the fide HIT will be 17 by the like Operation. 

Now we know the Triangle A BC is right-angled at A, 
becauſe 625 the Sum of the Squares of the two ſides AG, 
AB, is equal to the Square of the third fide BC. We 
know that the Triangle DE F is acute-angted, becauſe 
the Sum of the Squares of any two fides 1s larger than 
the Square of the third. And in fine, That the Trian- 
gle GHI is an Amblygonium, and the Angle I is the 
obtuſe ; becauſe 441 the Square of its oppoſite Side G H 
is greater than 389, the Sum of the Squares of the two 
other fides GI and HI. 

In fine, We know that theſe three Triangles ABC, 
DEF, GHI, are equal, that is, their Area's are equal 
among themſelves; becauſe, in multiplying the Baſe A B 
by the Altitude A C, we have the ſame Product as in 


multiplying the Baſe D E by the Altitude FK, or the 


Baſe G H by the Altitude LIT; viz. 168 the Double of 
the Area of each Triangle, which 8 conſequence is 84. 
EF, 


The thregyfides of the Oxygonium F, and the Per- 
pendiculaf F K, are in a cominual Arithmetical Pro- 
portion. ; 
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PROBLEM XII. 
To find a Right Line equal to the Arch of a Circle given, 


12 the given Arch be BCD, the Centre of the 
Circle A, and A B or A D the Radius or Semidi- 
ameter ; divide this Arch 
into two equal parts at the 
point C, and draw the 
Chords BC, CD, BD, 
Extend the Chord BD to 
E, fo that the Line BE may 
be the Double of one of the 
two equal Chords BC, CD; 
i e. may be equal to the Sum 

| of theſe tw Chords. Pro- 
long the Line BE to E, fo that the Line E F may be equal 
to the third part of the Line D E, and the Line B F hall 
be almaſt equal to the Curve B CD. 1 ſaid almeſt, becauſe 


the Line B F is a very little leis than the Arch BCD; 


but when the Arch does not exceed 30 Degrees, the Dif- 
ference is ſo ſmall, that, of a Hundred Thouſand parts 
that may be given to the Radius AB or AD, the Diffe- 


rence will not amount to One. 


Thoſe who underſtand Trigonometry, will find that 


if the Arch BCD is preciſely 30 Degrees, or the 12th, 
part of the Circumference of the whole Circle; and if 


the Radius A B be 50000 parts, and conſequently the 
Diameter 100000, each of the wo Chords WC. CD, 


will be 13053, and conſequently their Sum, or the Line 


BE, will be 26106; from which, if you ſubtract the 
Chord BD, which will be found 25882, there will re- 


main 224 for the Line DE, the third part of which 


is 74 for the Line EF; and that Line E F being ad- 


ded to the Line BE or 26106, their joynt Sum will 


be 26180 for the Line BF, or for the Arch BCD, 
which multiplied by 12, gives 314160 for the Circum- 
ference of the Circle. And thus we know, that when 
the Diameter of a Circle conſiſts of 100000 parts, the 
Circumference is about 314160 ſuch like parts, and con- 
ſequently the Diameter of a Circle is to the Circumfe- 
rence, very near, as 100900 is to 314160, or as 10000 
to 31416. 
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This puts us in a way to find the Circumference of a 
Circle, the Diameter of which is known, by multiplying 
the Diameter by 31416, and dividing che Product by 
10000 ; for if we cut off from the Product the four 
Righi- hand Figures, the Figures to the Left will give the 
Circumference of the Circle, and the Figures cut off will 
be the Nuwerator of a Fraction, the Denominator of 
which is 10000, 

To find, for Inſtance, the Circumference of a round 
Vaſe of a Fountain, the Diameter of which is 64 Foot, 
we multiply 64 by 31416, and from the Product 2010624 


cut off four Figures to the Kight-hand, which leaves us 
6 . 
201 Foot and for the Circumference demanded. 


If we want to know the Diameter of a Ciicle or Ball 
by the Circumference given, we muſt reverſe the Opeta- 
tion; that is, multiply the Circumference by ic ooo, 
which is done by adding to it four Cyphers to the Right, 
and dividing the Product by 31416. 

Thus to know the Diameter of a round Tower, the 
external Circuit of which is by a long Rope found to be 
154 Foot, we add four Nonghts to the Right of 154, 

and divide 154 by 31416, which gives 49 Foot 
for the Diameter we look for. 


PROBLEM XIII. 


To* find One, Two, or Three mean Proportiona's to two 
Lines given. 


16 find in the firſt place one mean Proportional be- 
tween the 
two Lines given 
AB, AC, we de- 
ſcribe round the 
gt eateſt AB the 
Semicircle A DB, 
and from C the 
772 of the leaſt : | h 
A C raiſe the Per- „ 
peadicular CD, LA K. * — 
and draw the 
right Line A D, which is a mean Proportional between | 
the ewo Lines AB, A C. | 
e G To 


15. 
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To find two Means continually proportional between 
the two given Lines AB, AC; we make of theſe two 
Lines the Rectan- 
le Parallelogram 
Fe "BDC and from 
its Centre E deſcribe 
; the quarter of a Cir. 
| + : cle GH E, of ſuch 
0 . a bigneſs, that the 
_ Right Line FG 
N * drawn through the 
89 two Points where 
| the Curve cuts the 
72 two given Lines AB, 
e AC prolong d, paſ- 
% 3 ſes by the Right 
k = Angle D; for then 
B & the two Lines CF, 
BG, will be the 
mean Proportionals enquired for, and the four Lines 
AB,CF, BG, AC, will be continually proportional. 
In fine, To find three Means continually Proportional 
between the two Lines given AB, AC, we firſt find one 
mean Proportional AD, as was above directed; and 


then purſue the ſame Method in finding AE, (See the 


laſt Fig. but one) anorher mean Proportional berween 

AD, and AC the firſt given Line, and at laſt AG yet 

another mean Proportional berween AD and AB; 

and thus the three Lines AF, AD, AG, will be the 

Mean Proportionals demanded ; ſo that the five Lines 

AC, AF, AD, AG, AB, will be in continual pro- 
rtion. 

If the two Lines AB, AC, are given in Numbers, 
as if AB were 32, and AC 2, we may expreſs in 
Numbers the three Means AF, AD, AG, by multi- 
plying together 32 and 2 the two Numbers of the two 


given Lines, and taking the Square Root of the Pro- 


duct 64, viz- 8 for the Mean AD; which being mul- 


tiplied by AC the firſt, and AB the laſt, ſeparately, 


the Square Roots of the two Products 16 and 256, make 
4 for AF, and 16 for AG. 

But to find in Numbers only two Means proportional 
berween the two given Lines AB, AC, ſuch as CF, 
and BG (See the laſt Fig.) ſuppoſing AB the leaſt P 


| 
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be 2 Foot, and A C the greateſt 16, multiply 4 the 
Square of the firſt A B, by the laſt AC, and take the 
Cube Root of the Product 64; thus you have 4 for 
the firſt Mean Proportional CF. which follows in pro- 
portion the firſt of the given Lines, Then multiply in 
like manner 255 the Square of the laſt given Line AC, 
by the firſt A B, and extract the Cube-Root of the Pro- 
duct 512, which brings you 8 for the other Mean Pro- 


portional B G. 


PROBLEM XIV. 


To deſcribe in a given Circle four equal Circles that mu- 
tually touch one anoth:r, and likewiſe the Circumfe- 


rence of the given Circle, 


HE Circle given being AB CD, the Centre of 
which is E, divide it into four equal parts by the two 


ndicular Diame- 
A C, BD, upon 
the Diameter BD 
take the Line DF e- 
qual to the Line CD, 
which is the Sub- 
tender or Chord of 
the quarter of the 
Circle, and the Line 
EF will give the 
Length of the Ra- 
dius of each of the 
equal Circles deman- 
ded. So if you ſet 
off the Length of E F 
upon the perpendicular Diameters A C and B D, as from 
A to K, rom B to G, from C to H, from D to I, and 
upon the Centres K, G, H, I, deſcribe through the Points 
A, B, C, D, four circular Circumferences, they will both 
touch one another, and touch the Circumference of the 
Circle given AB CD. . 

If you joyn any two Centres, as I, K, with the Right Ka- 
Line IK. this Right Line will be parallel to its corre- 
ſponding Chord DA, and will =. through rhe point of 
the Contact O; and —_— y Twill make at I, half 

S2 ve 
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a Right Angle, or an Angle of 45 Degrees with the 
Diameter BD; and ſo the Arch LO will be likewiſe 
45 Degrees, as well as the Arch MO, the whole Arch 
L M being a quarter of a Circle, From whence it fol- 
lows. that if you draw the Right Line CF the Angle 
ECF will be 22 Degrees 30 Minutes, which affords 
another Conſtruction for the Reſolution of the Problem. 


PROBLEM XV. 


To deſcribe in a given Semicircle three Circles that touch 
the Circumference and Diameter of the given Semicir- 
cle; and of which, that in the middle, being the big- 
geſt, touches the two others that are equal. 


ROM the Centre D of the Semicircle given ABC, 
upon the Diameter A C raiſe the Perpendicular DB, 


= | = 
—= [Ee = 
— bo . Kg J M 
„ . e 
. - F = _ — = c 
e ee W 


and divide it equally at the Point E, which will be the 
Ceatre of the greateſt of the three Circles demanded, 
viz. BI D K. For the other Circles, which are equal 
one to another, divide the Semidiameter D E into two 
equal Halves at the point H; and with the Interval BH 
deſcribe on each ſide of the two Points E D, two Arches 
of a Circle which here cut ane another at the Points F G 
for the Centres of the two equal Circles; which may 
eaſily be deſcrib d, in regard the Radius of each of em is 
equal to the Line DH, or the fourth part of the Dia- 
meter BD, or, which is the fame thing, to the eighth 
part of the great Diameter AC, : 

'Tis 
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Tis evident that the Semicirele A B C is the Double Remark. - 


of the Circle BI D K, fince the Diameter A C is the 
Double of the Diameter BD ; and in like manner, 
that the Semicircle BID is the Double of the Circle 
IL O, fince the Radins DE 1s double the Radius F I or 


FL. From thence tis eaſie ro conclude, that the Mixti- 


lineal-Triangle ABI is equal to the Semicircle BDI. 
and conſequently, that the Semicircle ABC is divided 
into four equal parts by the Diameter BD, and the Cir- 
cumference BI D K. 


PROBLEM XVI. 
To deſcribe Four proportional Circles, in ſuch a manner, 
that their Sum ſhall be equal to a given Circle, and 
that the Sum of their Radius's be equal to a Line given. 


1 the given Circle be ABC D. the Centre of 
which is O, and one Diameter AC; and let dhe 


. 
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Line given be A E greater than the Radius, A O, and 
leſs than the Diameter A C, if the four Circles deman- 
ded are required to be unequal. The Diameters of theſe 
four Circles will fall thus : 

Having drawn art pleaſure in the Circle given ABCD 
the Line F G parallel to the Diameter AC; and ha- 
ving cut off from the Line given > E the part E H equal 


3 to 


Remark, 


Remark 
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to the Half of the Line FG, draw from A the Extre: 
mity of the Diameter AC, the Line At equal to the 
Line AH, and perpendicular ro the Diamerer AC; 
and from the point I draw I B parallel to the ſame Dia- 
meter AC; which Parallel Line here meets the Circum- 
ference of the given Circle at B: from that point B draw 
BD perpendicular to the Line FG, and the four Lines 
KF, KB, KG, K D, will be the Diamerers of the four 
Circles ſought for. | | 

It may ſo fall out, that the two ſmaller Circles K E, 
K B, ſhall be equal, as well as the two larger K G, KD; 
namely, when the Line F G is equal to the Line given 
AE. And conſequently when you would have all the 
four Circles unequal, it behoves you to draw the Line 
F G either greater or leſſer than the Line-given AE, and 
in that caſe the Circle K F will be the leaſt of em all, 
and che Circle K D the greateſt, N ; 


PROBLEM XVII. 


Upon the Circumference of g Circle given, to find an 
Arch the Sinus of which is equal to the Chord of the 
Complement of that Arch, 


ET the Quadrant of a Circle be given ABC, the 
Centre of which is A; from B the Extremity of the 

Radius AB raiſe the Perpendi- 
Þ cular BG equal ro BC the 
Chord of the Quadrant; then 
from the Centre A to the point 
G draw the Right Line A G, 
and having taken upon the Ra- 
dins A B, the part AF equal to 


& 1 | the part GH, raiſe from the 
| int F upon the Line AB the 
hd 


* 


- — FD, which will 
4 determin the Arch demanded, 
A. FFB diz. CD, the Sinus of which is 
equal ro BD the Chord of the 

Complement of that Arch. 
The Secant A G of the Arch BH is equal to the 
Tangent of an Arch of 60 Degrees; that is to fay, 


the Radius A H, being 100000 parts, the Line AG, 


contain; 
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contains 173205, from which if you take A H or 100000, 
the remainder 73 205 is the part GH or AF; that is, 
the Sinus E D of the Arch C D, which will be 47. 3". 31”. 
and by conſequence its Complement B D is 42. 56“. 29”. 
Thus we know that the Sinus of an Arch of 47. 3“ 31”. 
is equal to the Chord of an Arch of 42. 56“. 29", which 


is its Complement. | 


PROBLEM XVIIL 
To deſcribe a Rectangle. Triangle, the three ſides of which 


are in Geometrical Proportion. 


Hing drawn at pleaſure the Semicircle ABC, the 
Centre of which is D ; and of which the Diame- 
ter A C ſhall be taken for - 

the Hypothenuſe of the 


Rectangle-Triangle defir'd; *% 2 S 
r, wo C, the 8 : 
ty of the Diameter A C, the 
Line CE equal and per- GE "iH 
2 


pendicular to the Diame- 

ter it ſelf AC, and joyn 

the Right- Line DE, which 

is here cut by the Circum- 

ference of the Semicircle 

ABC at the Point F. Take 

the Length of the part E F 

upon the Circumference 

ABC, extending from A 

to B, and joyn the Right-Lines AB, BC, which at 
the Point B will form a Righr-Angle, and the Rectangle- 
Triangle AB C will be the Triangle enquired for; and 
ſo there will be the ſame Ratio berween the Side A B and 
the Side BC, as there is between BC and the Hypo- 
thenuſe A C. 


If from the Right-Angle B you draw the Line B G remark 


perpendicular to the Hypothenuſe A C, the greater Seg- 
ment CG will be K. the leaſt Side oppoſite 2 
or to the part EF; from whence we draw another 
Conſtruction for the Reſolution of this Problem, name- 
ly, by raking upon the Diamerer AC the part C G equal 
to the part EE, and letting fall from the Point G the Per- 


pendicular G B, Sc. G 4 A 


„ 
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A third Conſtruction may be obtain d, if we conſider 
that the Hypothenuſe A C is cut at the Point & by its 
Perpendiculer BG in the mean and exream Ratio; that 


is, the Hypothenuſe A C is to its greateſt Segment” CG 


as the ſame ꝑreateſt Segment C G is to the leſſer A G. 
If you deſire a fourth Conſtruction, let fall from the 
Extremity A, the Line A G perpendicular to the Dia- 
meter A C, and equal to the third part of the ſame Dia- 
meter AC; and from the Point G draw the Line G H 
parallel to the Diameter A C; this Parallel GH will be 
equal to the third part of the leſſer Segment A G, Ge. 


PROBLEM XXX. 


To deſcribe Four equal Ciretis which mutually touch one 
another, and on the outſide touch the Circumference of 4 
Circle given. l | 


Having divided the given Circle AB CD intro four 
equal parts by the two Diameters A ©, BD, which 
— s cut one another at 
Kight-Aygles at the 
Centre E; take upon 
the Diameter A C pro- 
long'd, the Line AF 
equal to the Line AB, 
or to the Chord of the 
Quadrant of the Cir- 
cle; and the Line EH 
will give rbe Length 
of the Radius of each 
of the four equal Cir- 
cles demanded. So run 
the Length of EF up- 
on each of the two 
Diameters prolong d, 
AC, BD, from the 
Circumference of the Circle given ABC D to the Points 
C, H, , K; and from theſe Points or Centres deſcribe 
by the Points A, B, C, D, as many equal Circles, which 
will mutually touch one another, and likewiſe the Cir- 
cumfererce of the Circle given A BCP. | | 


* 


If 


'q 
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If you joyn any two Centers, as G, H, by the Right» fark 


Line G H, this Line GH will be parallel fo the corre- 
ſponding Chord AB, and will pals through the Point of 
Contact O; and by conſequence will form at the Points 
G., H, half Right-Angles, or Angles of 45 degrees ; lo 
that each of the Arches, AO, BO, will be likewiſe 


45 degrees. 
PROBLEM XX. 
To deſcribe a ReQangle-Triangle, the Three Sides of which 


are in Arithmetical Proportion. 


TAKE the Indefinite Line AB, and mark upon ir 
five equal parts of what length you will, from A co 
B; and let this determin'd Line 3 
A B be the Hypothenuſe of the 
4 demanded. 
rom the Extremity A, at the 
Interval of three of the parts de- 
ſcribe an Arch of a Circle, and 
from the other Extremity B, at 
the diſtance of four parts deſcribe another Arch, which 
will cut the firſt at a Point, as at C; and from this Point C 
if you dra to the two Extremities of the Hypothenuſe 
AB, the Right-Lines AC, BC, you have a Rectangle- 
Triangle ABC, the three Sides of which, AB, BC, 
AC, ate in Arithmetical Proportion, that is, they equally 
riſe one above another in length, the Side A B containing 
5 parts, the Side BC 43 and the Side AC 3. 


Theſe Rectangle-Triangles, the Sides of which are N 


Arithmetieally Proportional, have this peculiar Property, 
That the Sum of their Cubes in Numbers is a perfect 
Cube: For, A B being 5, its Cube is 125; BC being 


4. its Cube is 64; and AC being 3, irs Cube is 27; 


and 216 the Sum of the three Cubes, 125, 64, 27, has 
5 for its Cube-Root, which in this Rectangle-Triangle 
is equal to its Area. 3 ; 

If you double alt the Sides of O 
the Triangle ABC, and fo make 
the Side A B to contain 10 parts, 6 
the Side BC 8, and the Side AC 
6, you'll have another Rectangle- 
Triangle ſimilar to the former.; 


und CO OE TR Rp x ——— 
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ſo that its three Sides are ſtill in Arithmetical-· Proportion; 
and the Sum of their Cubes is a perfect Cube, viz. 1728, 
the Cube - Root of which is 12, Beſides the Area and the 
Circumference of this ſecond Rectangle-Tria * are e- 
qual, each of em being 24. See Probl. XXIII. ; 


PROBLEM XXL 


To deſeribe Six equal Circles which mutually touch one an- 
other, and likewiſe the Three Sides, and Three Angles of 
an Equilateral-Triangle given, 

J ET the Equilateral-Triangle given be ABC, and its 

Center D. From the Center D draw by the Three 

Angles A,B, C, and by E, F, G, the middles of the three 

Sides, as many Right Lines; in order to mark upon 


— —— —'ꝛ˙ 
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em K, L, M, N, O, P, the Centers of the Six Circles 
demanded, and that in the following manner. 

Upon the Side A B take the part E H equal to the 
half of the Perpendicular DE; and baving joyn d the 
Right Line DH, prolong it to I, ſo as to make the part 
H I equal to the part H E, the whole Line D1 will give 
the Length of the Radius of each of the fix equal Circles 
to be deſcrib'd, the Centers of which will be found by 
running the length of D I from E to K, from B to L. Sc. 
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If you joyn the two Centers P, L, by the Right-Line Kwak 


PL, this Line P L will be parallel to the Side A B, and 
by conſequence will divide the Radius E K at Right-An- 
gles, and into two equal Halfs. Hence ir follows, that 
if you draw the Right-Line EL, and the Right-Line 
K L, which will — through the point of Contact R, 
the Triangle EL K will be an Iſolceles-Triangle each 
of the two equal Sides, EL, KL, being double the Baſe 
EK; and the Arch EK will be 75. 31, 20”, as the 
Arch BR will be 44. 28“. 40%. So that theſe two 
Arches will make together juſt 120 Degrees, that is, as 
much as the Angle PDL. 


PROBL; 
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PROBLEM XXII. 


Several Semicircles being given which touch one another at 
the Right- Angle of two perpendicular Lines, and have 
. their Centers upon one of theſe two Lines; to find the 7 
Points where theſe Semicircles may be touch'd by ſtraight 
Lines drawn from theſe Points to a Point given upon an 
other perpendicular Line, 


” | LI the given Semicircles ABC, ADE, AFG, AHI, | 
| AKL, the Centers of which are upon the Line AL, 
perpendicular to the Line AM, touch one another at the 


EX TS TT 


M 
* 
NX R 
* 7 
* * 
1 IT Po * 
. : 
- _— 1 5 > L 


. Right-Angle A. And let it be requir'd to find the Points 
| at which all the Semicircles may be rouch'd by a Right- 
Line for each drawn from the Point M, 

From the Point given M, as a Center, and through 
the Point of Contact A, deſcribe the Arch of the Circle 
A K, which will cut the Circumferences of the given Se- 
micircles at Points, as here, at B, D, E, H, K; and 

theſe will be the Points of Contact requir d. 
Bewark, When the Diviſions of the Line A L are equal, you 
may make uſe of rheſe e to divide a Line rom 
into equal parts, viz. by applying that Line, ſuppoſe 
AK — AO, from & Point A to the 251 of 
the fifth Semicircle; when you have a mind to divide 
it into five equal parts, for the Circumferences of 5 
| Orher 
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other Semicircles will mark upon it ſo many Diviſions. 
By the like Method any Line may be divided into any 
other number of Parts. 


PROBLEM XXIII. 


To deſcribe a Rectangle- Triangle, the Alla of which in Num; 
bers is equal to its Circumference. 


RAW the two Perpendicular Lines AB, AC, ma- 
LY king the firſt, AB, to contain ; parts, taken by a 
Scale of o_ Parts, and the orher : 
12 from the ſame Scale; then draw 

the Hypothenuſe BC, Which will A — . 
contain 13 equal parts, as is eaſily 
found out by adding 25, 144, the 
Squares of the ws Tiles AB, AC, 
and extracting the Square- Root of 
their Sum. The Area of this Re- 
ctangle- Triangle will be equal to its 
Circumference, or to the Sum of its 
three Sides, viz. 30. The ſame is 
the Quality of a ReCtangle- Trian- 
gle made of 6, 8, 10, in Numbers, 
the Area and Circumference being 
either of 'em, 24. 

No Rectangle-Triangles, in entire Numbers, enjoy Remark. 
this Quality, bur the Two now mention'd, viz 6, 8, 10, 
and 5, 12, 13. But in the Fractional- Numbers we may 
find an Infinity of this fort, and that by following this 
General Rule, which is grounded on Demonſtration. 

Form a Rectangle - Tiangle from any ſquare Number, and How to find 
the ſame Square augmented by the Addition of 2; then di- HE 
vide this Triangle by the Square Number, in order to have 4 3 
ſecond Rectangle- Triangle, the Area of which is equal to its and Circum- 
Circumference. For Example, Take 9 and 11, and form 1 
this Rectangle- Triangle 4%, 198, 202, and divide it by uy, 15 
le 40, 198. 202, i 


33 you have another Rectangle-Triang 
the Area and Circumference of which are equal, each of 
them being 7 In like manner, if from 16 and 18 


you 
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you form the Rectangle- Triangle 68, 576, 580, and di. 
vide it by 16, you have this other Triangle at = . 


the Circumference and Area of which are equally = 
And ſo on. 


PROBLEM XXIV. 


To deſcribe within an Equilateral-Triangle Three equal Cir- 
cles which touch one another, and likewiſe the Three Sides 
of the Equilateral- Triangle. 


1 the Equilateral- Triangle be ABC ; divide 
each of its Sides into two equal parts at the Points 
. D, E, E, and through 

. theſe Points draw to 
the oppoſite Angles as. 
many ftraighr Lines, 
upon Which you are 
ro take the Centers 

G, H, I, of the three 

Circles demanded, by 

ſerting off upon each 

Perpendicular Line , 

half the fide of the 

Equilateral - Triangle 

from the reſpective 

middle Point, namely, 
from D to G, from E to H, from F to I, Ge. 

It you joyn the Three Centers, G, H, I, by the ſtraight 
Lines which paſs through the Points of Contact, you 
have the Equilateral- Triangle GH 1, whoſe Sides will 
be parallel ro thoſe of the given Triangle ABC, and 
three equal Trapezia AHIB, BHGC, E614. each of 
which hath Three Sides equal to thoſe of the Equilateral- 
Triangle G HI, and the Area's of which, are, each of 
em, equal to the eighth part of the Square of A B, the 
Side of the Triangle given ABC, : 


an_ PROBL, 
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PROBLEM XXV. 


To deſeribe a Reæctangular- Triangle, the Area of which, in 
Numbers, is one and an half of the Cixcumference. 


AW rwo Perpendicular-Lines AB, AC, the firſt 

of which contains 8 parts, taken from a Scale of 
equal parts, and the other 15; joyn 
the Two Extremities with the Hy- 
pothenuſe B C, which will contain 
17 parts, as is eaſily perceiv'd, by 
— 64, 225, the Squares of the 
two Sides AB, AC, and extracting 
the Square-Root of the Sum 289. 
Here 60, the Area of the Right-An- 
gled- Triangle ABC, is ro the Cir- 
cumference 40, as 3 is to 2. 
ſame is the Quality of this other 
Rightangled-Triangle 7, 24, 25 ; the 
Circumference 56 being two Thirds 
of the Area 84. 

Beſides the rwo Rightangled- Tri- 
angles now mention d, viz. 7, 24, 25, 
and 8, 15, 173 we have no other in : 
entire Numbers that poſſeſs this Quality; but many in 
Fractional- Numbers, which are found by the following 
General-Rule raken from Algebra, Form 4 Rightangled- —— _ 
Triangle of any ſquare Number, and the ſame Number, with — 
the Addition of 3; and divide the Triangle by the ſame che Areas 
ſquare Number; you have a ſecond Rightangled-Triangle, and Circum- 
the Area of which leaves a Seſquialteral Proportion to the —_—_— 
Circumference. Thus, if from 4 and 7 you form the Seſquialteral 
Righrtangled-Triangle, 33, 56, 65, and divide it by 4, Proportion, 


you have this other Rectangle- Triangle 222 —.— the 


Area of which A is to the Circumference * as 3 Is 


to 2. In like manner, if from 16 and 19 you form the 
Rectangle. Triangle, 105, 608, 617, and divide it by 16, 


you have this other Rightangled- Triangle 608, 617, 


16 
the Area of which 25 is to its Cicumference 83 as 


zisro 2. And ſo of the teſt, PROBL. 
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PROBLEM XXVL 


To inſeribe in a Square given four equal Circles which touch 
one another, and likewiſe the Sides of the Square. 


| Be the Square given be AB CD, divide each of its 


Sides into equal Parts at the Points F, G, H,I, and 
diaw the Right Lines FH, GI, which will cut one ano- 


'D 


. B 


ther at Right - Angles into two equal parts at E the Cen- 
ter of the dquare. Upon theſe two Lines FH, GI, you 
are to mark out the Points L, M, N. O, for the Centers 
of the Four Circles required, and that in the following 
manner. 

Joyn with a ſtraight Line H and I, and cut off from 
that Line the part I K equal to IE or GE, the halves of 
the Line 1 G, or of the fide of the given Square; and 
the Remainder, H K, will be the Radius of each of the 
Four Circles you would draw. And fo if you take the 
Length of H K upon the Lines FH, GI, from their Ex- 
tremities F, G. H, J, to the Points N, M, L, O, the Pro- 
blem is teloly'd, EY Bhs 1 

f 


—_ ana + tos Grant Act 


Geometrical Problems. | 
An eafier Method is this : From the Line 1 G cut 
off the Part I T equal to the Line IH; and make the 


Lines EL, EM, EN, EO, each of em equal to the 


Remainder I G, in order to have as before, the Centers 
L. M. N, O, of the four Circles to be defcribed, which 
are found by making the Lines FN, GM, HL, IO, 
equal, each of em, to the part ET. 

Or. elſe, make the Four Lines A P, AQ, CR, CS, 
equi each of em, to the Line I H, and draw the Right 
Lines PQ. RS, which will give you upon the two 
Lines FH, GI, the Centers L, M, N, O, for thr Four 


Circles required. 
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'Tis evident that each of the two Lines P O, R 8, is Remark 


equal to the Side A B of the Square given ABCD; and 
each of the two Lines PR, Qs, is equal to the Diame- 
ter of each of the equal Circles, which mutually touch. 
'Tis likewiſe evident, that each of the two Iſoſceles Right- 
Angled Triangles AP Q, CRS, is equal to the Square 
DIE H, or to the fourth of the propoſed Square ABCD; 
and that the Iſoſceles Right-Angled Triangle OE N is 
equal to the Square of the Radius Ol. 


PROBLEM XXVII. 


To deſcribe a Rectangle. Parallelogram, the Area of whicd 
in Numbers is equal to its Circumference. 


w the Two Perpendicular Lines A B, AD, ſo as 
ro 1 the _ — 3 Parts taken from a Scale 
of equal Parts, and the other 6. | 
om the Point D, with the A- D_3 C 
rture of the Compaſs A B de- | 
ibe an Arch of a Circle; and 
from the Point B, with the Di- 
ſtance A D deſcribe another Arch 
of a Circle; which here meets 
the firſt at the Point C, from 
which you are to draw the two 
Lines BC, CD, to perfect the 
Rectangle ABCD, the Area of 
Which 1s equal to the Circumfe- 
tence, each of ei being 18, 
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Remark, In Integers we have only this Kectangle, and the 
Square of 4 that admit of this Quality of having their 
Area equal to the Circumference ; but in Fractions there 
are many, the Length and Breadth of which is thus de- 
termin'd. 

Row to ſud Fix upon the file A D what Number you pleaſe, on- 

Rectangle ly it muit be larger than 2; ſuppole then 8; divide its 

. —_ Double 16 by the ſame fide wanting 2, 5. e. by 6, and 

the Ciccum· the Quotient ; is the other Side AB. Thus W ne 

ferences. in Numbers a Rectangle Parallelogram, which has for its 
Length 8, for its Breadth 5 3 and for either its Circumfe- 


rence or its Alea , or 21;. 


PROBLEM XXVI. 


To meaſure with a Hat, a Line upon the Ground acceſſible 
at one of its Extrematies. 


s i HE Line to be meaſured muſt nor be extravagantly 
long, otherwiſe twill be bard ro meaſure it exactly 


with one's Hat; for the leaſt Failure of a juſt Aim, or de- 
1 from an upright Poſition, would make very ſenſi- 

le Errors in the Meaſure of a very long Line, eſpecially 
if the Ground is ſomewhat uneaven. 

To meaſure then with the Hat the Line A B acceſſi- 
ble at the Extremity A, ſuppoſe the Breadth of a ſmall 
River, he who pretends to meaſure, muſt ſtand very 
ſtraight at the Extremity A, and ſupport his Chin with a 
lirtle Stick, reſting upon one of the Buttons of his Coat, 
ſo as to keep his Head ſteddy in one Poſition. Thus po- 
fired. he muſt pull his Hat down upon his Forehead, till 
the Brim of his Hat cover from his View the inacceſſible 
Extremity B of the Line to be meaſured AB; then he 

* muft turn himſelf to a level uniform piece of Ground, 
and with the ſame Poſition of his Hat obſerve the a” 
0 


Geometrical Problems. 


of the Ground where his View terminates, as C; then 
meaſuring with a Line or Chain the Diſtance A C, he 


has the Length of the Line propos d, A B. 


PROBLEM XXIX. 


To meaſure with two unequal Sticks 4 Horizontal Line 
acceſſible at one of its Extremities. 


O know the Length of the Horizontal-Line A B, 
which repreſents the Breadth of the Dircch ABCD, 


and is acceſſible at its 
Extremity A; ſet up, 
perpendicularly, at that 
Extremity A, the leaſt 
of the two Sticks AE; 
and the greater of the 
two FG, upon a ſtreight 
Line with the Line to 
be meaſured, at ſuch a 


Diſtance from the firſt, 
AE, that you may juſt perceive the inacceſſible Extre- 


mity B, over the two Ends EG of the two Sticks thus 
fixed. Then take an exact Meaſure of the Diſtance A E, 
** which we here ſuppoſe to be 12 Foot; and of the Length 
of the rwo Sticks A E, FG, of which we here ſuppoſe 
the leaſt, AE, to be 3 Foot; and the greateſt, F G, 5; 
ſo that by this Suppoſition, the Exceſs of the greater 
Stick above the leſſer is 2 Foot. Now, let this Exceſs 
2 be the firſt Term of an Operation of the Rule of 
Three Direct ; the ſecond being 12, or the Diſtance 
AF; and the third 3, or the leatt Stick AE; and the 
fourth the Line A B enquir'd after, which is thus found 
to be 18 Foot; for it you multiply the ſecond Term 12 
(the Diſtance AF) by the third 3 (the leaſt Stick A E) 
and divide the Product 36 by 2 (the Exceſs of the 
greater Stick beyond the leſſer) you have 18 Foot for 
the Length of the Line propoſed AB. 


H z PROBE: 
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PROBLEM XXX. 
To meaſure an acceſſible Height by its Shadow. 


O meaſure the acceſſible Height A B by irs Shadow 
AC, terminated by the Ray of the Sun B C. Ser 


T 


up perpendicularly a Stick D E, of what Length you 


— 


Ul 


. 
- 
y 


4 5 
CF.” 


will, ſuppoſe 8 Foot; and meaſure the Extent of its 
Shadow DF, which we ſhall here ſappoſe to be 12 
Foot. At the ſame time meaſure the Shadow AC, 
which we here ſuppoſe to be 36 Foot; I ſay, at the 
ſame time, for otherwiſe, the Ray varying either by the 
Motion of the Sun, or that of the Earth, the Rays BC, 
E F. would no longer be parallel, and ſo would prevent 
the Operation of the Rule of Three Direct, which runs 
thus; If 12 Foot of Shadow ariſe from the Height DE 
of 8 Foot, from what Height muſt the Shadow AC of 
36 Foot proceed? Here you'll find the Height A B, in 
queſtion, to be 24 ; for multiplying the third Term 36 
by the ſecond 8, and dividing the Product 288 by the 
tirſt 12, you have the Quotient 24 for a fourth Propor- 
tional Term, 1. e. the propoſed Height AB, 


'PROBL 


4 
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PROBLEM XXXI. 
To find a Fourth Line proportional to three Lines given, 


HREE Lines being given AB, AC, AD, to find 
a fourth Proportional : Upon the rwo Extremities 
B, D, of the firſt and the 
third Line given, deſcribe, 
from the common Extre- 
mity A, the two Arches 
of a Circle AEF, AGH, 
and having apply'd ro the 
firſt Arch AEF, the Line 
AE equal to the ſecond 
Line given AC, prolong 
the Line AE till it meets 
the ſecond Arch AGH in 
ſome Point, as in G, and | 

3 AG will be the fourth Proportional de- 


PROBLEM XXXII. 
Upon 4 Line given to deſcribe a Rectangle- Parallelogy 


am, 
the Area of which is the Double of that of a Triangle 
given. 


Lr the Triangle given be ABC, and the Line gi 


ven BE; draw EF perpendicular to it, and a 
fourth proporti 
to the Baſe given 
BE, the Baſe A B 
of the Triangle gi- 
ven ABC; and 
the Height CD; 
then finiſh the Re- | 5 


angle B E FG, Rn 
which ſolves the | SEE 
Problem. This Pro- A D B E 


blem is placed here 
only as ſublervient to that which follows, 


H 3 - PROBL; 
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PROBLEM XXXIII. 


To change a Triangle given into aa Triangle, each 
fide of which is greater than each ſide of the Triangle 


given. 
Tf the Triangle given be ABC, prolong its Baſe AB 


on both Sides to D and E, ſo, that the Line AD 
may be equal to the Side AC, and the Line BE to the 


Side BC; and by the Direction of the foregoing Pro- 
blem, deſcribe upon. the Line DE the Rectangle Paral- 
lelogram DE GF, the Double of the Triangle given 
ABC. This done, take upon the Line DE, berween 
the Points A, B, a Point at diſcretion, ſuch as H, from 
which draw to the two Extremities E, G, the Right 
Lines F H, G H. Thus you have the Triangle F GH, 
equal to the propos d Triangle AB C, cach of em be- 
ing the half of the Rectangle FG ED, and each of 
the Sides of the one being greater than each of thoſe of 
the other, which was to be done. OY ON 

. You may have a Triangle leſs than the propos d Tri- 
angle, with all its Sides longer than thoſe of the Tri - 
le ABC, viz. by raking H the top of the Triangle 
F G H under the Baſe AB, vo WE 


PROBL. 
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PROBLEM XXXIV. 


Two Semicircles upon one Right Line being given, which 
touch one another on the inſide; to deſcribe a Circle 
that touches both the Right Line and the Circumferen- 
ces of the two Semicarcles given. 


1 Suppoſe the two Semicircles ABC, ADE, are 
placed upon the Right Line AC, and touch one 
another at the Point A, To deſcribe a Circle chat 


W 


J 


T TX: WW :-H. 

touches the two Circumferences ABC, ADE, and the 
part E C of the Right Line AC; lay the Length of the 
Semidiameter AG of the great Semicircle ABC, from 
F the Center of the leſſer Semiciicle ADE to O, in 
order to have the Line AO equal to the Sum of the 
Semidiamerers A F, A G, of the rwo Semicircles given, 
ABC, ADE. From the Point E upon AC raiſe the 
Perpendicular E B, and joyn A and B. Then to the 
two Lines AO, AB, find a third Proportional A H, 
and fo you have in H the Point of Contact between the 
Circle to be deſcribed and the Right-Line EC. From 
this Point H raiſe upon E C the Perpendicular HI, a 
fourth Proportional to the three Lines given, AO, AH, 
FG; and ſo 1 gives you the Center of the Circle you 
want to deſcribe, the Circumference of which muſt paſs 


through the Point H, 
H 4 ; If 


: = 
* 
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„* 
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If within the ſpace terminated by the rwo Circumfe- 
rences A BC, ADE, you deſcribe a ſecond Circle thar 
touches the firſt deſcrib'd from the Center l, and the two 
Circuniferences A B C, ADE; and if from the Center 
K of this ſecond Circle, you let fall the Right Line K I. 

pendicular to the Diameter AC, that Perpendicular 
KL, will be the Triple of the Radius of the Circle de- 
ſcrib'd upon the Center K: And if within the ſame 
yes you draw a Circle that touches both the ſecond 

rawn from the Center K, and the Circumferences 
ABC, ADE, the Perpendicular drawa from the Cen- 
ter M of that third Circle to the Diameter AC, will 
be the Quintuple of the Radius of the ſame Circle : 
And in like manner, if within the fame ſpace you de- 
ſcribe a fourt Circle, that touches both the third 
drawn upon the Center M, and the Circumferences 
of the two Semicircles, the Perpendicular let fall from P, 
the Center of that fourth Circle, upon the Diameter 
AC, will be the Septuple of the Radius of the ſame 
Circle; and ſo on in the Progreſſion of the uneven 
Numbers 3, 5, 7, 9, Ge, 

Here we {tall rake notice by the bye, for the ſake 
of the Learned, that all the infinite Circles that can 
touch the two Circumferences ABC, ADE, have 
their Centers in the Circumference of an Elly the 
Axis of which is O, which has the Line A H for its 


PROBL. 
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PROBLEM XXXV. 


Three Semicircles upon one Right Line being given, which 
touch within, to deſori hy, Cirele Pong 2/0 the Cir- 
eumferences of the Three Semicircles, 


T the three Semicircles are ABC, ADE, EIC, the 
Centers of which F, G, H, ate upon the Right Line 
AC; haying found to the Line FG and the Rading 


6 


1 


A N TF & T IF EV 


AF a third Proportional AL, find 2 fourth Propore- 
tional to the Sum of the two Lines AL, AG, the 
Radius A G, and the Radius A F. This fourth Pro- 
portional will be the Length of K I, the Radius of the 
Circle to be deſcribed, and that Length muſt be taken 
upon the Line A C, from G to M, and from F to N, in 
order to deſcribe upon the Center N, and with the Di- 
ſtance N E an Arch of a Circle, and from the Cen- 
ter , with the Interval MF another Arch of a Cir- 
cle, which might likewiſe be drawn from the Center 
G, with the Aperture MC. Here K, the common In- 
terſection of theſe two Arches, gives you the Center 
of the Circle to be deſcribed ; which is readily done, 
now the Radius is known, viz GM, or FN. 

If you joyn the Center K with the Centers E, G, H, Rewerk, 
of the three Semicircles given, by the flraight Lines 
FK, GK, HR, you'll have two Triangles, FK G, 
GKH, of the ſame Circumference ; the Circumfe- 

A Fg rence 


—— 
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rence of each being equal to the Diameter AC of 
the great Semicircle given ABC, by realon of the 
two equal Lines AF, GH. 

It between the two Circumferences ABC, ADE, 
you deſcribe, as in the. foregoing Problem, as many 
Circles as you will that touch one another, and the 
two Circumferences ABC, ADE; and if from their 
Centers O, P, Q. K, you let fall upon the Diameter 
AC as many Perpendiculars, the Perpendicular K V 
will be equal to the Diameter of its Circle, the Per- 
pendicular QT will be the Double of the Diameter 
of its Circle, the Perpendicular PS will be the Tri- 
ple of the Diameter of its Circle, the Perpendicular 
OR will be the Quadruple of the Diameter of its 
Circle, and ſo on, according to the Series of the natu- 
ral Numbers 1, 2, 3, 4, 5, 6, Ge. 


PROBLEM XXXVI. 


Three Semicircles upon one ſtraight Line, which touch on 
the inſide, being given, with another Right Line drawn 
from the Point of Contact of the two interiour Circles 
perpendicular to the firſt Right Line given: To deſcribe 
two equal Circles which touch that Perpendicular and the 
eircumferences of the two Semicircles. ; 


LET the three Semicircles given be ABC, A DE, 
EOC ;- of which the Centers F, G, H, are plac'd 
upon the Right Line A C, which is cut at Right-Angles 
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at the Point E by the Right Line BE: The common 
Radius of the two equal Circles which muſt touch the 
Perpendicular B E, and the Circumferences of the two 
Semicircles, will be found by deſcribing from the Point 
A through the Center E the Arch of a Circle FI, and 
from the Point | by the Point A, the Arch AK; for 
the Line K F is the Length of the Radius of the two 
equal Circles, rhe Centers of which, M and N, are 
found out as follows : 


Having drawn the Line GL equal to the Line K F, 


deſcribe from the Center G with the Aperture L C the 
Arch MN, and from the Center F with the Aperture 
KE, another Arch of a Circle, which will cur the firſt 
Arch at M; this M is the Center of a Circle that ſhall 
rouch the Circumferences of the rwo Semicircles A BC, 
ADE; and the Perpendicular EB. Deſcribe likewiſe 
from the Center H with the Aperture F L another Arch 
of a Circle that ſhall cur the firſt MN at N, the Cen- 
rer of the other Circle that ſhall touch the Perpendicular 
BE, and the two Circumferences ABC, E O C. 


I23 


If you joyn the two Centers MN with the three remark; 


Centers F, G, H, by ſtraight Lines, you'll have the rwo 
Triangles FMG, G N H, of equal Circumferences, the 
Circuit of each b 

the greateſt Semicircle given ABC, by reaſon of the 
two equal Sides G M, GN, of the Ba G H equal to 
the Radius A F, and of the Baſe FG equal to the 
Radius EH. Beſides, MN er NO, is a fourth Pro- 
portional to the three Lines A G, AF, FG: In fine, if 
you draw the Right Lines AO and CD, they'll be 
perpendicular to their Radius's, zbat is, the Line AO 
will be perpendicular to the Radius HO or NO, and 
by conſequence will touch the Circumferences of theſe 
two Radiuss at the Point O; and the, Line CD will 
be perpendicular to each of the two Radius's FD, MD, 
and by conſequence will touch the Circumferences of 
theſe two Radius's at the Pdint D. From hence we 


may draw another Conſtruction for the Reſolution of 
the Problem. A 33 


PROBL, 


eing equal to the Diameter AC of 
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PROBLEM XXXVII. 


To deſeribe a Triangle, the Area and Circumference of which 
are one ſquare Number. 


AKE from a Scale of equal Parts 17 for the Baſe 
AB; from the Extremity of which, A, with the 
Aperture of 9 Parts deſcribe an Arch of a Circle, and 
from the Extremity B, 
with the Interval of 
10 Parts, deſcribe an- 
other Arch of a Cir- 
cle, which will cut the 
firſt at a Point, which 
we here ſuppoſe to be 
r 
| 8 F Alght Lines y 
and the Triangle ABC is the Triangle you want, its 
Area and Circumference being, either of them, 36, the 
Square-Root of which is 6. | 
This 3 has been found in Numbers by the 


means of ewo Numeral Right-Angled Triangles of 
the ſame height, 
72, 135, 153, and 
72, 154, 170; the 
Generating Num- 
bers of which are 
12, 3, and 11, 7. 
Ir has been found, 
I fay, by joyning 
together theſe two 
Right -Angled Tri- 
_— 5 —— to 

— — ve th que 
A 125 P 15+ B Angled Triangle 
| : ABC, the Height of 
which CD, is 22; the Baſe A B, being 289 ; and * 
viding each Side by the Square - Root 17 of that Baſe 


289, &c, 


C 


eso. 
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PROBLEM XXXVIL 


To make the Circumference of 4 Circle paſs through three 
Points given without knowing the Center. | 


draw an Arch of a Circle through three Points gi- 
ven; for inſtance, the three Angles of the Triangle 
ABC, without knowing its Center, make an Angle e- 
| —_ C On - 2 
lid Matter, ſuch as Paſt- — 
board, and apply ſeve- — — 
ral ways one ſide of * 
this Angle to the Point 
A, ſo that the other ſide 
may fall on the Point 
B, and then the Point 
of the ſame Angle will 
mark out the Points of 
the Arch demanded ; B 
which is eafily drawn > 


out by b - mg all irs : 
diverſe Points. which may be found in infinitum, by a 
curve Line, 


Sc. 


PROBLEM XXXIX. 


Two Lines being given perpendicular to one Line drawn 


through their Extremities, to find upon that Line 4 
Point equally remov'd from each of the two other Ex- 


tremities. 


FIIVE the two Lines A B, CD, perpendicular to the 


Line A C, which paſſes through their Extremities 


B, C, you'll find upon that 
Line A C, the Point F e- 
qually removd from the 
two other Extremities B, 
D; you'll find it, I ſay, 
by joyning theſe two Ex- 
tremities with the Right» 


Line BD, and drawing to 
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the middle Point of that Line E, the Perpendicular E E, 
which will mark our upon A C the Point F required, 
the two Lines FB, FD being equal. 

This Problem is commonly propos d after the follow. 


ing manner : The Heights A B, CD, being given, with 


their Diſtance A C, to find upon the Ground A C, 4 


Point E, from which the Ropes extended to the tops B and 


D ſhall be equal. 
When the Heights AB, C D, and their Diſtance A C, 


are known in Numbers; as if the Height A B were 56 


Foot, the Height CD 63, and the Diſtance A C49; the 
Part AF is tound by taking from the Sum of the two 
Squazes AC, BD, the Square AB, and dividing the 
Remainder by. the Double of AC; and in like man- 
ner, the Part C F is found by ſubtracting from the Sum 
of the Squares A C, AB, the Square CD, and divi- 


ding the Remainder by the Double of AC. Thus the 


Part AF will be found 33 Foot; the other Part CF 
16 Foot; and each of the two equal Chords FC, FD, 
65 Foot, as is eaſily computed, by adding the two Squares 
AB, AF, or the two CD, CF, and exacting the 
Square-Root of the Sum 4225, Oc. 


PROBLEM XL 


To deſcribe two Right- Angled Triangles, the Lines of which 
have this Quality, That the Difference of the two ſmal- 
left Lines of the firſt is equal to the Difference of the 
two preateſt of the ſecond ; and Reciprocally the Diffe- 
rence of the two ſmalleſt of the ſecond is equal to that 
"of the two greateſt of the firſt. | | 


RAW firſt the rwo perpendicular Lines AB, AC, 
of ſuch a ſize that the firſt AB contains 60 Parts 
| of a Scale of equal Parts, and the 
ſecond 'AC 115; in which Caſe 
the e will be 61, 
as appears by adding the Squa res 
of AB, AC, and EE the 
Square-Roor of the Sum 3721, 


o 


Then 
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Then draw, the two perpendicular Lines DE, E E, 
making the firſt DE 119 Farts, and the {econd 1203 in 
which Caſe the Hypothenule 
will be 169, as appears b 
adding the Squares DE, EF, 
and extracting the Square- Root 
of 28561. This done, the two 
Right-Angled Triangles ABC, 

D E E, will reſolve the Problem; 

for the Difference, 49, of the 
rwo __ —8 _ A Cin 

the firſt Triangle ABC, is e- — — 
qual ro the Difference of the = 2119 LD 

two greateſt DE. EF, in the + 

ſecond Triangle DEF ; and Reciprocally, the Diffe- 

rence 1 of the two ſmalleit DE, EF in the ſecond is 

equal to that of the greateit AB, BC in the firſt. 

Theſe two Differences 49, 1, happen here to be Remark 

ſquare Numbers, and will always be ſuch in all Right- 

Angled Triangles calculated according ro the following 

General Rule raken from Algebra. The Double of the & General 
Product ariſing from the greateſt of any two Numbers, — for 
aud their Sum, and tbe Sum of the Squares of the ſame Is (= mag 
two Numbers, are the two Generative Numbers of one gles, the Re: 
of the Right- Angled Triangles to be deſeribd ; and the n _ 
Double of the Product ariſing from the leaſt of the ſame 5 Sides 


to Numbers and their Sum and the Sum of the ſame are equal. 


Squares, are the two Generating Numbers of the other 
Reight- Angled Triangle demanded. 

Of thele three Generating Numbers, that which is 
common to two Righr- Angled Triapgles, is the Hypo- 
thenuſe of a third Righr-Angled Triangle ; and of the 
other two, one is the Circumference of that third Tri- 
angle; and the other is the ſame Circumference, only 
the greateſt Generating Number of that third Triangle 
is then changed into the leaſt, 944 
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PROBLEM XII. 

To divide the Circumference of a Semicircle given into ibo 
unequal Arches, in ſuch 4 manner, that tha Semi- Dia- 
meter may be a Mean Proportional between the Chord; 
of theſe two Arches. | 


17 the gms ABC, the Center of which 
is D, deſcribe through the Center D from B the Ex- 


* 
- 


A D B 


tretnity of the Diameter A B, the Arch of a Circle 
DE, and having divided the Arch BE into two equal 
parts at C, draw the two Chords AC, BC, between 


which the Setni-Diatneter AD, or CD, is a Mean 


Pr . 
| 4 is evident, that the Arch BE contains 60 Degrees, 


and confequentiy, its Half BC or CE is zo, and the 
other Arch AEC is an Arch of 150 Degrees. From 
whence we may readily conclude, that ſince the Sinus 


of an Arch is the Half of the Chord of a double 
Arch, and the Half of the Radius or Sinus Total, is 
the Sinus of an Arch of 30 Degrees; this Sinus of 


an Arch of 30 Degrees is a Mean Proportional be- 


tween the Sinus of an Arch of 15, and the Sinus of 


its Complement, or the Sinus of an Arch of 75 Degrees. 


PROBL. 


E to the Wall to 
be juſt 7 
from F to H, ſo that the Situa- 


the whole Line GH 15 Foor 
in which Caſe the Ladder will 
have deſcended from E to I, 
which is found thus: | 


Geometrical Problems, 


PROBLEM , XLUl 
4 eee. eown Legbbing eſo x tore pn al, 


417 a certain Diſtance from the Mall; to find bow far 'twill 


deſcend when mov d a little farther from the Foot of the Mall. 


V7 El fuppoſe the Ladder E F flanding againſt the Wall 
ABCD, to be 25 Footlong, and art the diſtance of 
7 Foot from the Foot of the Wall, and conſequently FG 


oot 


Foot. Suppoſe again, 
that the Ladder is mov d 8 


tion being as H I, the part FH 
muſt be 8, and by conſequence 


Multiply E F, the Length of 
the Ladder, by it ſelf, . e. 23 ) 


by 25, and fo. you have its 


Square 625; multiply likewile 3 „ 
the Diſtance F G by i (elf, 3. e. 7 by 7, and ſo you bave 


its Square 49 to be ſubtracted from the foregoing Square 


625, and the Remainder 576 is the Square of the Height 
EG; becauſe G is the Right- Angle of the Triangle 
EFG; ſo that 24 the Square Root of the Remainder 


576 is the Height EG. 


In like manner, multiply the Diſtance H | by it ſelf, 
ie. 25 by 25, ſo you have 625 for its Square; then mul- 
tiply the Dittance H G by it felf, or 15 by 15, and its 
Square is 225; which ſubtracted from the other Square 


: 62 5, leaves for a Remainder 400, the Square of the 
Height 1 G ; and fo 20 the Square-Root of 400, (ie. the 


Height I G) ſubtracted from 24 the Height E G found 
ns Faves 4 the Length of. EI, which anſwers the 
ODlem. 17 
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PROBLEM XL. 


To meaſure an acceſſible Line upon the Ground by means 
of the Flaſh the Report of 4 Canon. 


W I TH a Muſquet-Ball make a Pendulum 11 Inches 
and 4 Lines long, calculating the Length from the 
Center of the Motion to the Center of the Ball; and the 
very moment chat you perceive the Flaſh of the Canon 
2 muſt be at the very place, the Diſtance of which, 
rom the place where you are, is inquir d —_— = the - 
Pendulum in motion, ſo as that the Arches of ibra- 
tions do not excede 30 Degrees; multiply by 200, the 
Number of the Vibrations from the moment you perceiv d 
the Flaſh to the moment in which you hear the Report, and 
reckon as many Paris-Toiles for the Diſtance of the 
where the Gun was fired, from the place where you ſtood. 
Much after the ſame manner you may meaſure che Height 
of a Cloud, hen tis near the Zenith,and at a time of Thun- 


der and Lightning, Bur this way of meaſuring Diſtances is 


very uncertain, and I only mention d it here as a Recreation. 
A ſurer way is that of meaſuring a tolerable Diſtance 
upon the Ground, the Extremities of which can't be ſeen 
one from another; but then, in this Caſe, inſtead of a 
Cannon, twould do better to wake uſe of an Arquebuſe, 
the Report of which goes 230 Toiſes in one Second of 
Time. And fo to meaſure ſuch a Diſtance, you muſt 
have a Pendulum-Clock, and count the Seconds of Time 
running from the Flaſh of the Gun let off at one of the 
Extremities of the Line propoſed, and the Perception of 
the Report in the Ears of another Perſon placed at the 
other Extremity of the ſame Line. Thus the Multipli- 
cation of rhe Seconds of Time by 230, gives you the 
Length of the propoſed Line or Diſtance in Tuiſes. 
Father Schot ſays, That tis known by ſeveral Experi- 
ments, that a large. Cannon-Ball Horizontally directed, 
will fly a German League of 4000 Geometrical Paces in 
two Seconds of Time; fo that this may ſerve for the 


. Menſuration of Diftances upon the Ground, if it be true, 


that the Velocity of the Sound is equal to that of the 
Ball; for then we may compure, Thar the Diſtance in 
Geometrical Paces is to the Number of the Seconds of 
Time (run between the Flaſh and the Perception of the 
Report) as 4000 is to 2, or 2000 to 1, Ce. 
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PROBLEMS 


OF THE 


' OPTICKS 
| £3; | — * 
HE Opticks, according to the Erymology ; 
is a Science of Viſion, which is perform'd 
three different ways. The firſt is by direct 
Rays or Rays ſent directly from the Object to the Eye; 
and this makes what we call Perſpective, which deceives 
the imagination very agreeably by repreſenting in a 
Picture which it ſuppoſes Tranſparenr, all ſorts of Ob- 
jects, not as they really are, but as they act upon the 
Eye, and appear in the Picture. The ſecond way of 
Viſion is by Reflex Rays, that is, by Rays that re- 
bound when they ſtrike upon any Body that they can't 
penetrate; and this is the Object of what we call Ca- 
Fl toptrice, which ſuppoſes the Angle of Reflexion to be 
| equal to the Angle of Incidence. The third way is 
perform'd by Refracted Rays, or Rays that break in 
paſſing through Tranſparent Bodies. About this the 
Dioperice is imployed, which ſuppoſes that when a 
Ray paſſes from one Medium, which it penetrates ea- 
ſily, to another that's more difficult to penetrate, ir 
breaks off approaching to a Perpendicular ; and on 
the contrary, when it paſſes from a difficult to an eaſie 
Medium, it Refracts, departing from the Perpendicu- 
lar. The Opricks — likewiſe, that the Objects 
ſeen under the ſmalleſt Angles, appear ſmallett, which 
ordinarily happens, when they are moſt Remote. U 
on theſe Suppoſitions we ſhall now reſolve ſeveral 


ful and agreeable Problems, 
O PR O- 
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PROBLEM I. 


To make an Object to appear ſti ll of the ſame Magni 


tude, when ſeen at a diſtance or nearer. 


T O make the Line AB appear to the Eye po- 

fired ar C always of the ſame Magnitude, 
place it in what part you will of the Circumference 
ofa Circle that paſſes by the 
Eye C. For if you place it 
as DE at the remoteſt part 
from the Eye, its appatent 
Magnitude will ill the 
ſame, becauſe the Eye con- 
tinuing ſtill at C, ſees theſe 
two equal Lines AB, DE, 
under the equal Angles 
ACB, DCE. 


Tis evident that the Line propoſed AB, will al- 
ways be ſeen undef the ſame Angle, and conſequently 


will always have the ſame apparent Magnitude, at 


any diſtance from the Eye, provided it never departs 
from the Circumference of the Circle that paſſes thro 
the two Extremities A, B; and conſequently, That 
without altering the ſituation of the Line A B, you 
may change that of the Eye, by arms | it in what 
point you will of the Circumference of any Circle 
that paſſes thro the two extremities of the Line or 
Body propos d AB, as in E or in G, the viſual Angles 
AFB, AGB, ACB, being ſtill equal. | 

"Tis likewiſe evident that the lame Line AB, will 
retain the ſame apparent Magnitude when broughr 
nearer to the Eye, with» 
out being placed in the Cir- 
cumference of the Circle, 


continue in the ſame Viſual 
Rays, A C, BC; as it hap» 
pens in the fituation A D, 
for in that ſituation 'tis be- 
held under the ſame Viſual 
Angle ACB, and ſo its a 

parent Magnitude is nor al- 
rer'd, 


we, 


provided its two extremities 


2 a. 
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ter d, notwithſtanding that tis brought nearer to 


the Eye. | | 
'Tis by this equality of the Viſual Angles that one 


may write upon a Wall Characters, which tho very 


unequal, appear equal when ſeen from a certain 
Point; and that one may place upon a Pinacle or ſome 
high Frontiſpiece, a Statue of ſuch a length and ſuch 
a thickneſs, that when tis ſeen from below, it a 
s of a bigneſs proportional to the heighth of r 
lace, without any neceſſity of poliſhing the Figure 
much, and far leſs of rouching up the muſcles of the 
Body on the plaits of the Drapery, which they 
would be obliged to do if twere to undergo a near- 
er view. 


PROBLEM I. 


To find a Point, from which the two unequal parts of 4 
Right Line ſhall appear equal. 


Here's an infinite number of different Points, 
from which if the rwo unequal parts AB, BC, 

of the Right Line AC | 
be view'd, they will ap- . 
ar equal, as being 
in the Circumference 
of a Circle: But with- 
out inſiſting upon the 
Theory, I ſhall here 
ſubjoyn a very ſhort 
method for finding one 
of theſe Points. A 


From the two extremities A, B, with the aperture 
or diſtance A B, deſcribe two Arches of a Circle, 
which here cur one another at the point D; and from 
that point D, draw another Arch of a Circle with the 
ſame aperture of the Compaſſes. In like manner from 


the two Extremities B, C, with the aperture B C, de- 


ſcribe two Arches of a Circle, which here cut one 
another at E; and from that point E, with the ſame 
diſtance deſcribe another Arch which here cuts that 
deſcribed from D at F. Now 8 chus found is the [am 
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from which if the two propos d Lines AB, B C, be 
leen, they will appear equal by reaſon of the equality 
of the two Viſual Angles AFB, BFC. 

The ſame is the Conſtruction when the two Extre- 
mities of the two Lines propos d AB, BC, are not to 
joyn. 


PROBLEM III. 


The point of any Object being given, and the place of the 
Eye, to find the point of Reflexion upon the ſurface of 
a flat Looking-Glaſs. 


F the point of the Object be B, and the place of the 

Eye A, and if the ſurface of the Glaſs be repre- 
ſented by the Right Line CD; the point of Reflexion 
will be found by drawing from the two Points A 
and B, the two Lines AC, BD perpendicular to the 
Plain CD, and finding a fourth Proportional to the 
Sum of the two Perpendiculars AC, BD, their di- 


8. 


tance CD, and the Perpendicular AC. The length 
of this fourth Proportional being raken upon CD, from 
the point C, rerminares in E, the point of Reflexion 


ſought for. So if you draw the two Lines AE. BE, g 


the Angle of Incidence AEC, will be found equal to 
the Angle of Reflexion BED; as twere eaſie to de- 


monſtrate. 
In my Marhemarical Dictionary, you'll find this 


The pro- Problem aprlyed ro a Spherical Looking-Glaſs ; but 
biem © ply- ir might eaſil be app ied ro the Billiards. For the 


ed ro the 


Billiards, 


purpoſe; if the Line CD repreſent the fide of _ _ 
ar 2 
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liard-Table, and at the Points A and B there were two 
Balls, of which the one A could nor be made ro ſtrike 
directly upon the other B, by reaſon of the Interven- 
tion of the Port, the Piayer's buſineſs is to find out the 
Point E by the foregoing Directions, againſt which 
Point when his Ball ſtrikes, 'rwill by a back ſtroke 
hit the other Ball ar B. But in Practice there's a way 


of doing it eafier, as follows. 
Let CD be the fide ot rhe Billiard- Table. and ſup- 


.poſe the Gameſter has a mind with one Ball at A, 


to hit the other Ball at B by Reflexion. To find the 
Point E of the ſide, from which the due Reflexion 
muſt be, let hm prolong in his mind the Perpendicu- 
lar BD to E, fo that DF may he equal to BD, and 
after a viſible mark p ac'd at F, let him ſtrike his Ball 
A in the full direction of the Line AF, and then the 
Ball meeting with the fide of the Table at E will re- 
flect, and of neceſſity hit the Ball at B, eſpecially if 
twas ſtruck with ſuch force as to conquer the defects 
of the Table. 

But in regard 'tis not always allowed at this Game 
to put a viſible mark at F, becauſe the oppoſite party 
may remove it if he pleaſes; the Gameſter muſt con · 
tent himſelf with taking the aim of his Ball from the 
Point F, and by the Viſual Ray AF, obſerve rhe 
Point E upon the fide of the Table, where his Ball 
muſt reflec to B. Sn 

If you want to find the point of Reflexion E, with 
intent to make the Ball A hit B back: ſtrokes; 


kv * mn 


draw from the Point A, the Line AC parallel to the 
Line DG, and from _ Point B, the Line GB 8 
3 | * 
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lel to the Line CD ; then ſee to find a fourth Propor- 
tional to the ſum of the two Parallel Lines AC, f 
ro the Line AC, and to the ſum of the two Parallel 
Lines, CD, BG; and taking the length of that fourth 
Proportional upon CD, fix your point of Reflexion 
where it terminates, vi. at E. 


PROBLEM IV. 


1 ſhoot a Piſtol behind one's Back as true as if the Per- 


4 
7 


ſon took, his aim with his face to the ObjeR. 


Make uſe of a plain Looking-Glaſs here repre- 
ſented by rhe ftraight Lir; AB, a Perpendicu-- 

lar to which is the Line CD dtawn from the Point 
C, which repre- 


be ſhot at 3 the I- 


ſentation of which 


an equal diſtance 
from the Glaſs with 


the point C, with reſpect to the Eye placed at E, 


from whence the Perſon that is to ſhoot ſees by Re- 
flexion the Point C, by the Ray of Reflexion EFD, 
the Ray of Incidence being the Line CF, according 
to which the Piſtol GH muſt be placed and rurn'd till 


its reflexive appearance IK, agrees with the Line 


of Reflexion EFD, and covers D the appearance or 
repreſentation of the Point C; and then twill hit the 
Mark. 


ſents the Butt to 
mage or Repre- 


in the Glaſs is ſup- 
poſed to be D, at 


by — — 8 


- 
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PROBLEM V. 
To meaſure a height by Reflexion. 


Irſt, if the Eminence is acceſſible, as AB acceſſible 
at B, ſo as to give one an opportunity of know- 
ing how far they are from it upon an Horizontal 
Plain, level with the Baſe of the Eminence : Make 


7 
* 


3 


upon this Horizontal Plain at a known diſtance from 
the Point B, a ſmall Cavity or Hole, which fill with 
Water, that ſo you may ſee the top A of the Eminence 
to be meaſured AB, by the Ray of Reflexion CE 


which paſſes to the Eye ſuppoſed to be at E; then 


meaſure exactly the height of your Eye ED, and 
the diſtance CD from the Point of Reflexion C. We'll 
ſuppoſe the height of the Eye ED to be 4 Foor, the 
diſtance CD 3 Foot, and the diſtance BC 43 Foot. 
Now, ſay, by the Rule of three direct; If the Di- 
ſtance CD of 3 Foot gives 4 Foot for the height ED, 
how much will be given by the Diſtance BC of 48 
Foot? And you'll find the Eminence 64 Foot high, 


- Which is the Solution of the Problem; for if you mul- 


tiply the two laſt Terms, 4 and 48, and divide their 
Product by the firſt Term, 3, you have 64 for your 


fourth Proportional, 
But if the Eminence is inacceſſible, ſo that you 
can't actually meaſure the Diſtance BC, dig another 


Hole in the ſame Plain in a ſtraight Line, and at a 
| O4 known 
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known diſtance from the firſt Point C,as ar F, and fill ir 
alſo with Water, that you may ſee the ſame top A 
by the Ray of Reflexion FH, reaching the Eye ſup- 
poſed to be at H. Here take notice that the Perſon 
who ſees this Reflexion ar H, muſt be the ſame that 
ſaw it at E, that the height of the Eye from the Ground 
or Plain may, be the ſame, which we ſuppoſed to be 
4 Foot. As we ſuppoſed rhe Diſtance CD to be 3 


Foot, we ſhall now ſuppoſe the Diſtance CF ro be 32 


Foot, and the Diſtance FG 5 Foot; ſo we multiply 
the Line ED into the Line CF, i. e. 4 by 32, and di- 
vide the Product 128 by 2, the exceſs of the Diſtance 


FG above the Diſtance CD, and the Quotient gives 


64 the height of the Eminence. 

If you would know the diſtance BC without know- 
ing the height AB, multiply the diſtance CD by the 
diſtance CF, i. e. 3 by 32, and divide the Product 
96 by 2, the exceſs of the diſtance FG above the 
diſtance CD, and the Quotient gives you 64 for the 
diſtance BC. | 


PROBLEM VI 


To repreſent any thing in Perſpe&ive, without making 
| uſe of the point of Sight. 


T O find in the Picture the appearance of any Point 
of a Geometricel Plan, of E for inſtance, draw 
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from that Point E, the Line EG Perpendicular to the 
Ground-Line CD, and rake the length of the Perperi- 
dicular EG, on each fide the Point G in the Ground- 
Line CD, extending it from G to F and to D. Fix 
at pleaſure rwo Points of diſtance upon the Horizon- 
tal Line AB, for inftance A and B; then draw from 
theſe Points A and B to the Points D and E, the Right 
Lines AD, BF, which by their Interſection will give 
the appearance H of the Point propoſed E. By the 
ſame merhod one may find the appearance of any 
other Point ofa Geometrical Plan, and by conſequence 
the Repreſentation of the Baſe of any Body whatſoe- 
ver, which by another Conſequence may eaſily be re- 
preſented in Perſpective,by drawing from all the Points 
of its poſture or perſpective Plan, Perpendicular Lines 
ro the Ground-Line CD, and thoſe equal in appear- 
ance to the height of the propos'd Body ; which is 
done after the following manner. 

Having laid down the natural height of the propo- 
ſed Body upon the Ground Line CD, from C for 
inſtance to K, draw from theſe two Points C, K, to 
the Point L taken at diſcretion upon the Horizontal 
Line AB, the Right Lines LC, LK, which will de- 
termine the apparent heights of all the Points of 
the propos d y. by Lines drawn from theſe Points 
parallel to the Earth or Ground-Line CD; as to find 
rhe height of the Point H, the Perpendicular HO is 
rais'd equal to the part MN, c. | . 


PROBLEM VII. 


To Repreſent in Perſpective an Equilateral Polyedron, ter- 
minated by fix equal Squares, and by eight regular 
and mutually equal Hexagon: 


T Hoſe who underſtand Perſpective will readily re- 
preſent this Body in the Picture, in which the 
Point of Sight is V, and one of the two Points of diftance 
is D, mark'd upon the Horizontal Line DV, which 
is parallel ro the Ground-Line AB; they'll readily do 
it, I ay, if they know how to draw a Plan and a 
Profil ; which is done after the following manner. 


In 
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| nom od In the firſt place, if you would have the Body to 
N * reſt upon one of its eight Hexagons, as 1, 2, 3, 4, 5» 

| 6. deſcribe from irs Center C, a Circle, the Radius 

q or Semidiamierer of which, C8, or C, 9, is ſuch, } 
j that its Square is to that of the Hexagon, as 7 is to 33 F 
| ſo that if the Radius or fide 1, 2, of theHexagon is 65465 


— 
* AS © * 


—— — 
„ — 


— — — — — — 
— 


7 
. 5 656 


ual Parts, the Radius C gor C9 of the great Cir- 
-- 4 is 100000. 3 | 

Having thus drawn the great Circle, divide it une- 
qually, as you ſee it done in the Figure, ſo as to make 


the leaſt ſide, 8, 9, and the other five, equal each a4 
1 © 
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em to the fide of the Hexagon; and the greateſt, 
7, 10, and the other five, double, each of em, of the 
ſmalleſt fide; in which cafe, the leaſt fide will ſub- 
tend an Arch of 38. 12'. and the greateſt (i. e. the 
double of the leaſt) an Arch of 81. 48'. But without 
this trouble twere an eaſie matter to deſcribe this by 
the ſole inſpection of the Figure. 


For the Profil, deſcribe round the ſmalleſt fide 21, Howto draw 
15, the Semi-Circle 21, O, 15; and after deſcribing from * Prot. 


the Point 4 thro' the Point 15 the Arch of a Circle 
15, O; draw the Right Line 21. O, and this ſhall be 
the heighth of the Points 9, 8, 14, 13, 20, 17 ; 
the heighth of the Points, 7, 12, 15, 21, 16, 10, be- 
ing equal to double the Line 21, O; and the heighth 
of the Points, 1, 2, 3, 4, 3, 6, being equal to che tri- 
ple of the ſame Line 21, O0. . | 

No if you put the Plan thus deſcribd in Per- 
ſpective, and from all its Angles raiſe Perpendiculars 
ro the Ground-Line, for laying down the hegihts 
ſuitable ro thoſe of the Profil, you have nothing more 
to do but to joyn the ſides as in the foregoing Figure, 


and yet more diſtinctly in this here annex'd, which 
we have made larger for the diſtincter apprehenſion 
of the ſides that are to be joyn'd ; of which thoſe 
mark d. with black Lines, are the ſides that appear 
to the Eye; and the others mark'd with Points are 
thoſe which are not ſeen, | 

_—_ 7 1 * * In 
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In a ſecond place if you would have the Body to 


reſt upon one of its fix ſquare ſurfaces, as upon the 


ſquare 4, b, 15, 21, 
the Plan or Pofture 
of the Polyedron 


will be changed in- 


to that repreſented 
in this Figure, which 
any one may appre- 
hend by the bare 


inſpection, eſpecial 


Iy when they know, 
thar rhe great fide 
of the 


Irregular 
Octagon, d 12, is 


2 equal to the Diago- 
nal, a15,orb 21, of 
| | the inner ſquare that 
ſerves for the baſis of the Polyedron. | 
The Profil likewiſe changes; for the height of the 
Pointe, 3, 7, 6, 10, is equal to cd the half of d 12 the 
= fide of the irregular Octagon; the height of the 
oints, 4, 5, 17, 6, rp, d, s equal to the whole fide 
d 12; the height of the Fünen , n, c, is equal 
to the ſame fide d 12, and its half c #4 and in fine the 
beighth of rl moe a; b, 15, 275 isthe ouble of the 
fame fide da chpſquate of which. is to the ſquare of 
the Radius bf \rheIrregular Octagon, as 4 is to 5; and 
conſequently if the Radius be 100009 equal parts, the 
great fide d 12 is 89442, and ſubtends an Arch of 53. 
8“; and the little fide d m is 63245 parts and ſubtends 
an Arch of 36. 52“ 5 
By the means of this plan · and Profil we have put 
the Polyedron in Perſpective, as you ſee it in the an- 
nexed Cut. | 


p R O- 


r _ 
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PROBLEM VIIL 


To repreſent in Perf] pective an Equilateral Polyedron, ter- 
minated by fix equal ſquares and by eight equilateral 
and mutually equal Triangles. 


JF you would have the Polyedron reft upon one of 


its fix equal 
nothing to do bur 
ro Circumſcribe 
another Square a- 
bour ir, and then 
your Plan's finiſh'd, 
the Profil of which 
is as followeth. 


The height of 


the Points, 5, 6, 7, 
8, is equal to 3, 
5, the half of the 


6,4, of 
the circumſcribed 


ſquare; and the 


Squares, as 9, 10, 11, 12, you have 
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heighr of the Points, I, 2, 3, 4, 1s equal to the whole 
fide 6, 5, or the Diagonal 11, 9, or 10, 12, of the in- 
ſcribed ſquare, which ſerves for a baſis to the Polye- 


dron. | 
1 By the means of 
4 this Plan and this 
Profil we have put 
this Polyedronin Per- 
ſpective, as you ſee 
it in the annexed Fi- 
gure, where you have 
a diſtinct view of the 
fides you are to joyn, 
when once you have 
found in the Picture 
the appearance of the 


Points that limit the 
Extremities. 


PROBLEM IX. 


To repreſent in Perſpective an Equilatera| Polyedron ter- 
minated by ſix equal ſquares, and by twelve Iſoſceles 
and equal Triangles, the heighth of which is equal to. 
the baſe. | 


IN the firſt place, if you would have the Polyedron to 

inſiſt upon one of its fix equal ſquares, as 3, 6, 9, 
12, its poſition will be ſuch as you ſee in this Figure, in 
which the Plan is made plain by the ſemicircles de- 
ſerib d from the four Right Angles of the baſe, 3, 6, 9, 
12, and from the middle Points A, B, of the two op- 
polite ſides 5, 2, and 12,9, 
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As for the Profil; the height of the Points, 4, 11, 
4 8, 1, 14, is equal to the Tangent 7, 15; and the 

igh: of the Points, 5, 6, 13, 12, is double to the 
Tangent 7, 15. There remains nothing further, bur 
to look upon the two annex'd Figures, for underſtand- 
ing the manner of repreſenting this Polyedron in Per- 
ſpective; which you have all over ſhaded in the one, 
and after another manner in the other. 
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—— 12 


In the ſecond place, if you have the Polyedron 
raiſed upon one of its ſolid Angles, as 1, in this 
caſe irs poſture will be the fingle Regular Hexagon, 2, 

| | , 4, 3. 6, 7, the 
2 5. of which will 
be the Point 1, and 
the Profil ſuch as fol- 
loweth. | 
3 The height of the 
Points, 8, 9, 10, 11, 
12, 13, is equal to 
half the ſide of the 
Hexagon; the height 
of the Points, 2, 3, 
4, 3, 6, 7, is equal to 
the triple of that, z. e. 
three half ſides of the Hexagon; and the heighth of 
the Point 1 is double the ſide of the Hexagon, or equal 
to the Diameter, 4, 7. . 

Without inſiſting further upon the Perſpective of 
this Polyedron, I ſhall content my ſelf with leaving 
with you the bare Figure of it. 
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PROBLEM X 


e Repreſent in Peſpeetive an Equilateral Pchedron, lis 
= mated by twelve equal ſquares, by eight Reg*lar and 
equal Hexagon, and by ſix Regular and equal Ocdta- 
gons, | , 


K IF you would have the baſe of this body to be one 
I of its fix Octagons, for inftance 1, 2, 3, 4, 5, 6, 7, 


3, the Center of which is O; joyn the extremities of 


Y the two oppoſite and parallel fides by Right Lines pa- 


= rallel ro one another, which by their mutual interſe- 
c.tions will form a ſquare, ſuch as ABCD. Prolong the - 


two oppoſite and parallel fides, 1, 2, and 5; 6; and 
- likewiſe the two oppoſite and parallel fides, 3, 4, and 


5. 8; which meeting with the two former will form 
> another larger ſquare EFGH. This done, 'twill be an 


1 eaſy matter to finiſh the Plan, namely, by making the 
Line Ezo equal to the part E7, Se. 
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For a more exact deſcription of this Plan, let's con- 
fider, That in ſuppoſing the Radius Oi or Oz to con- 
tain 1000 equal parts, the Radius O13 or O16 of the 
mean Circle muſt contain 1514 of thoſe parts, and the 
Radius O12 or O15 of the greateſt muſt be 1731: 
That the ſmalleſt fide ſubrends in the greateſt Circle 


an Arch (11, 12, or 14, 15) of 25, 31“; in the mean 


Circle an Arch (1, 2) of 29, 16'; and in the leaſt Cir- 
cle an Arch, 1, 2, of 45 Degrees: And that the great- 
eſt fide ſubrends in the greateſt Circle, an Arch, 14, 11; 
of 64. 28'. and in the mean Circle an Arch, 10, 13, 
or 9, 16, of 60. 44. the Chord of which is double 
the leaſt fade, 9. 10. 

For the Profil ; we'll allow the whole Line 15, 12, 
for the heighth of the Points, 1, 2, 3, 4, 5, 6, 7, 8, 
the Poſture of which is the Interior Octagon, or the 
leaſt Regular Octagon. Weill allot the part, 15, G, for 
the heighth of the Points 9, 10, 13, 25, 22, 21, 18, 

| 16, 
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on AE till it 
meets that Per- 
pendicular in a 
Point, as at F; 
or, which 18 
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16, the form of which is the mean Octagon; we'll al» 
lot the part 1 5, 2, for the heighth of the Points 14, 11, 
12, 24. 23, 20, 19, 15, the poſition of which makes 
the greateſt Octagon, We'll allow the part 15, 1, for 
the heighth of the Points 26, 27, 30, 31, 34, 35, 38, 
39, the Poſtute of which is the greateſt Octagon : 
And the part 15, H for the heighth of the Points 40, 
41, 28, 29, 32, 33, 36, 37, the Poſture of which is 
the mean Octagon. 

The heighth 15, 12, will be 2930 parts, the Radius 
Or of the leaſt Octagon 1000; The heighth 15, G, 


3 89, the heighth 15, 2, 1848 ; the heighth 15, 1, 1082 ; 


and in fine the heighth 15, H, will be 541. 

When the Plan of this Polyedron terminated by 
twenty fix faces is put into Perſpective, and the poſi- 
tion of the ſolid Angles determin'd according to the 
different heighths pointed to in the foregoing Profile; 
you muſt joyn the ſolid Angles by Right Lines, which 
will be the equal fides of the Polyedron. 


PROBLEM XI. 


The Points of the Eye and of ſome Objett being given, 
together with the point of Reflexion upon the ſurface of 
a plain Looking-glaſs ; to determine the place in the 
Glaſs of the Image of the Object propoſed. 


ET the Eye be A, the Object B. and the point of 
Reflexion E upon the ſurſace CD of a plain Look- 


©: ing-glaſs; draw from the Object B the Line BF per- 
pendicular to | | 
that ſurface ; 


and prolong the 
Ray of Reflexi- 


the ſame thing, 
make DF equal 
ro DB, and the 
Point F is the 
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place of the Image of the Object B. that is, the Point 
where the Object B will be ſeen by the Eye in the 
plain Looking-glaſs CD, according to the Principles of 
Opticks, from which we learn that the Image of an 
Object is made ar the concurſe of the Ray of Reflexi- 
on, and a Right Line drawn from the Object Perpen- 
dicular to the ſurface of the Glaſs, whether Plain or 
Spherical. From hence we may readily conclude by 
he equality of the Angles of Reflexion and Incidence, 
that, when the Glaſs is plain, as we here ſuppoſe it to 
be, the Object ought to appear as deep ſunk in the Glaſs 
as tis diſtant from it; and for that Reaſon we ordered 

the Line DF to be made equal to the Perpendicular 
DB. 

Another Conſequence, is, That the diſtance AF of 
the Image F of the Object B, to the Eye at A, is 
equal to the Ray of Incidence BE and the Ray of 
Reflexion AE, the Ray of Incidence BE being equal = 
to the Line EF, by reaſon of the equality of the two 
Right Angled Triangles EDB, EDE. | 

A Third Inference, is, That if the Eye moves any 
certain ſpace nearer or further from the Point of Re- 
flexion E in the ſame Ray of Reflexion AE, the Image 
F*of the Object B will make exactly the ſame ap- 
proaches or departure with reſpect to the Eye, becauſe 
the diſtance EF continuing ſtill the ſame, the diſtance 

AF will increaſe or decreaſe as the diſtance AE do's. 

We may infer further, that when the plain Looking- 
glaſs is parallel to the Horizon, as CD, a magnitude 
perpendicular to the Horizon muſt appear inverted ; _ 
and when the plain Glaſs is perpendicular to the Hori- 
20n, the right of the Perſon ſeems to be on the left of - 
his Image, and e contra. | 

The laſt Inference I ſhall here make, is, that the di- | 
ſtance of the Eye from the Image of the Object ſeen. | 
in the laſt Glaſs by vertue of ſeveral reflexions from 
ſeveral plain Glaſſes, is equal to the ſum of all the 
Rays of Incidence and Reflexion; and that an Object 
may ſometimes be multiplied in a plain Looking-glaſs, 
or reflecting ſurface, when tis made of Glals. 

Thus 'tis that we ſometimes ſee a lighred Flambeau 
appear double in a Looking-glaſs that's ſomewhar 
thick, by reaſon of the double Reflexion there made; 
namely, one upon the external ſurface of the Glaſs, 
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and another in the bottom or inner part of the Glaſs ; 
for the light,can't be all reflected upon the external ſur- 
face of the Glaſs ; but ir penetrates the icy ſubſtance 
of the Glaſs (I ſpeak only of thoſe made of Glaſs) till 
it meets that pewter leaf that's done over the back of 


the Glaſs to hinder the paſſing of the Rays, where by 
> conſequence it ſuffers a jd 

falling in with a concourſe of two Rays of Reflexion 
that can't be parallel, tis no wonder the Object ſeems 
to be double, or a s in two different places of the 
2 Glaſs. Tis manileſt 


econd Reflexion, and the Eye 


thar the various irregularity of 
the Glaſs and the divers Reflexions, may multiply the 


| | Object yer more, eſpecially when tis ſeen a little fide» 


ways, 


PROBLEM XII. 


3 Tbe Points of the Eye and of ſome Object being given, 


together with the Point of Reflexion upon the Couvex 
ſurface of a ſpherical Looking-glaſs to determine the 
Image or Repreſentation of the propos d Object either 
within or out of the Glaſs. 


Lr the Eye be A, and the Object B. and the 


Point of Reflexion E upon the Convex ſurface DEL 


of a ſpherical Lookingeglaſs, the Center ot which is 


C; draw from the Center C ro the Object B, the 


* 


Right Line BC Perpendicular to the ſurface of the ſphe- 


dl Looking-glaſs, in which by conſequence will — 


* 


; 
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the Image of the Object B,. viz. H, which is found by 
prolonging the Ray of Reflexion AE which here meets 
within the Glaſs rhe Cathete of Incidence BC ar the 
Point H, bur might have mer ir at the Point D of the 


ſurface of the Glaſs, and even out of the Glaſs when 


the Angle of Incidence BEF, or the Angle of Reflexion 
AEG is very ſmall : So that the Object B may be ſeen 


either within the ſpherical Glaſs, as here, or upon its 
ſurface or our of ir. 


The Tangent FG which paſſes by the Point of Re- 
flexion, determines as you ſee the Angles of Incidence 
and Reflexion, and cuts the Cathete of Incidence BC 
in I, and that in ſuch a manner, that the four Lines, 
BC, CD, BI, DI, are proportional, and conſequentl 
the Line BC is cut at the Points I, D, in the mean an 
extreme proportional Ratio, that is, the Rectangle of 
the whole Line BC and its mean part DI is equal to a 
Rectangle of the two other extreme parts BI, CD; as 
is eaſily demonſtrated by drawing from the Point B the 
Linę BK parallel to the Radius of Reflexion AE. 


'Tis evident from the property of the focus's of an 
Ellypfis, that the two Points A; B, are the two focus's 
of an Elly pſis, which touches the ſpherical Glaſs at the 
Point of Reflexion, E, and which has for its great 
Axis the ſum of the two Rays, AE, BE, of Reflexion 
and Incidence; So that, to find the Point of Reflexion 
E., one needs only to deſcribe an Ellypſis that touches the 
Circumference DEL, and has for its two focus's the 
Points A and B; which is eafily done by the interſection 
of the Circymference, and of an Hyperbola between 


irs Aſymprotes, of which the oppoſite paſſes rhro' the 


Center C of the ſame Circumference DEL, as I have 
demonſtrated in my Mathematical Dictionary. 


ITiis evident alſo, That the appearance H of the Ob- 
B is nearer to the Point of Reflexion E than to the 
Center C. chat is, the Line CH is always greater than 
the Line EH, becauſe the Angle CEH is always greater 
than the Angle ECH, as appears by prolonging towards 
L the Ray of Incidence, BE, and drawing from the 
Center C. MN. parallel to it. „„ 
{ Tis further evident that the ſame appearance H of 
che Object B is likewiſe nearer to the Point of Rs 
xion E, ;or the Point D of rhe ſurfacę pt the 1 7 
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than the Object B, bat u, That the Line EH is leis 
than the Ray of Incidence BE, and that the Line DH 
is leſs than the Cathete of Incidence BD. 
Tiis evident once more, that if the magnitude OE 
is perpendicular to the ſurface of the ſpherical Glaſs 
4 DEL, ſo that being prolong'd ir paſſes thro the Center 
Cf, the Point P neareſt the Glaſs muſt appear leſs ſunk 
or deep in the Glaſs than the remoter Poine O ; and 
that the magnitude OE muſt appear inverted and leſs. 
A Conſequence of this, is, that in a ſpherical Convex 
= Glaſs a Magnitude muſt appear ſtill greater as it ap- 


| . proaches nearer to the Glaſs parallel wiſe to it ſelf, for 
then it appears leſs ſunk or leſs deep in the Glaſs, and 
conſequently is nearer the Eye, and incloſed in a larger 


Angle. The ſame thing will happen if the Object 


* continues unmoved, and the Eye approaches nearer to 
he Glaſs, and that for the Reaſons mention 'd but now. 


PROBLEM XIII. 


po To determine the place of an Object ſeen by Reflexion 


upon the ſurface of a Cylindrical Looking-glaſs. 


1 TH IS Problem is none of the eaſieſt, by reaſon 


that a Cylindrical Looking-glaſs taken length- 


— 


preciſely according to its roundneſs, it may be copfi- 
der d as a ſpherical ; * again, when taken in ano- 


4 ther 
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ther ſenſe, it partakes of the properties bath of a plain 


For this Reaſon, if the Point of an Object and te 
Eye are in a plain that paſſes thro' the Axis of a Cy? 
lindrical Glaſs, that Point will be ſeen by Reflexion in 
the Cylindrical Glals as in a plain Glaſs, that is, as deep 
in the Glaſs as tis diſtant from it. 

Thus, if we . a Point A of an Object, and 
the Eye B, in a plain that paſſes thro' the Axis CD of 
the Cylindrical Glaſs EFGM, that Point A will be 
ſeen in H by the Ray of Reflexion BIH, i. e. at the 
eoncurſe of this Ray of Reflexion and the Line ALH 
perpendicular to the common ſection EM of the Glaſs 
and the plain which paſſes thro' the Eye and the Point 
of rhe Object A: And in this caſe, tis evident that 
the Object A appears as deep in the Glaſs as 'tis re- 


more from ir, that is, AL, LH, are equal, by reaſon of ö 


the two equal Rightangled Triangles, ALI, HLI. 
Bur it the Eye and the Point of the Object are in a 
lain parallel to the baſe of the Cylindrical Glaſs, the 
fection of that plain and the Glaſs being a Circle, the 
Object muſt appear in the Cylindrical Glaſs as in a 
ſpherical one. The Conſequence of which is, that the 


magnitudes parallel to the baſe of a Cylindrical Glaſs, 


r there much contracted, whereas thoſe which are 
parallel to the axis of the ſame Glaſs appear a'moſt of 
the ſame magnitude as in a plain Glats, This holds 
— in a Conical Glaſs, as twere eaſy to demon- 

ate. $5: 


PROBLEM XIV. 


The Points of the Eye and of an Object being given, to- 
gether with the Point of Reflexicn upon the Concave 
ſurface of a ſpherical. Looking-glaſs ; to determine the 
_ e of the propos d Object within or without the 
G1. : 4 


E T the Eye be A, the Object B, and the Point of 
Reflexion E upon the concave ſurface FEG of a 
ſpherical Glaſs, the Center of which is C; draw from 
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” the Center C to the Object B, the Right Line BC; 
which being prolong d meets here the Ray of Reflexion 


> AE likewiſe prolong'd, at the Point H; which muſt 
be the Image or repreſentation of the * Object 
the Ray of 
Reflexion AE, and the Cathete of Incidence CD drawn 
from the Center C rhro' the Object B. | 
If the Object had been nearer the Glaſs, as at K, Remark. 
its appearance I had been on the other fide, viz. at the 
concurſe of the Ray of Reflexion AE and the Cathete 
of Incidence CI draun from the Center C thro? the 
Object K: And if the Object had been at L, it had 
not appear d at all in the Glaſs, becauſe in that caſe 
the Cathete of Incidence FG drawn from the Center 
C thro' the Object L, being parallel to the Line of 
Reflexion AE would never meet it: And in ſine, if the 
Object were at M, its appearance N would be with- 
cut the Glaſs, at the Concurſe of the Ray of Reflexion 
AE and the Cathete of Incidence CN drawn from the 
= Center C thro' the Object M. 
| Here we ſce the Reaſon of what Experience ſhevos 
us every Day, viz. That an Object may be ſeen by 
Reflexion in a Concave Glaſs, as well as in a Convex 
= Glaſs, both out of the ſ urface of the Glaſs, as here at 
= N which is the repreſentation of the Object M; and 
within the Glaſs, as at H, which is the repreſentation 


3B, becauſe that Point H is the concurſe o 


of the Object B, and at I which repreſents the Objeck 
K, theſe two Images H and I appearing. ſunk in the 
Gk 3 Which is 


Glaſs, but never ſo deep as in a plain 
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owing to the different concurſes of the Rays of Re- 
flexion, and the Cathetes of Incidence, which can 
make Objects appear, ſometimes upon the ſurface of 
a Glaſs, ſometimes within or behind the Glaſs, and 
ſometimes without or before the Glaſs leſs or more ; 
ſo that ſometimes the Images are ſeen between the 
Object and the Glaſs, ſometimes at the very place 
where the Object is, (and thus it comes that Gne may 
handle the Image of his own Hand or Face off of the 
Glaſs,) ſomerimes at a greater diſtance from the Glaſs 
than the Object really is, and ſometimes at the very 
ſpot where che Eye is placed, and hence it comes that 
thoſe who are unacquainted with the Reaſon of ir, are 
"  affraid and retire when they ſee the repreſentation ofa 
Sword or Dagger, that ſome body holds behind them, 
advance out of the Glaſs. 1 
Tis evident that the Tangent OP which paſſes thro 
the Point E of Reflexion, determines the Angle of In- 
cidence BEP, and, which is equal to it, the Angle of 
Reflexion AEO; and that the Line CE which is Per- 
ndicular to the Tangent OP, divides into two equal 
Ns the Angle AEB made by the Rays of Incidence 


8 . _— 
— 4 — — 


and Reflexion. The Conſequence of which, is, that 
if you divide that Angle by a ſtraight Line into two 
ual Parts, that Right Line will paſs thro' the Center 

C of. the ſpherical Glaſs, by reaſon of its being per- 
pendicular to the Tangent. CGR 

We may eafily apprehend, That the Object B may 
be feen by Reflexion in two different parts, when the 
Eye is placed at a certain point; for if you draw the 
Ray of any Incidence BE, with its Ray of Reflexion 
AE, and another Ray of Incidence BQ with irs Ray 
of Reflexion QR, which will cur the former at , 
where the Eye being placed will ſee the Object B rhro* 7 
the two Rays of Reflexion AE, AQ, and 1 


in two different places, — At the points H and 
within and without the Glaſs. 

We may with equal facility conceive, That if the 
Object is placed at the Center C of the Glaſs, its 
Image will Reflect back upon it ſelf, becauſe in that 
caſe the Angle of Incidence is Right: And therefore 
he who places his Eye at the Center C of the Glaſs, 
will ſee nothing but himſeltl. 


** 
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o 4 PROBLEM XV. 
5 f | Of Burning Glaſſes. 
ne \ 


e ; N the foregoing Probleme we ſaw, that two Rays 

4 I of Reflexion belonging ro one Object, as AE, AO, 
ie retaining to the Object B, will meet and unite in the 
ls I roint A, before a Glaſs. Now this can't be in plain 


Y Glaſſes, in which the Rays of Reflexion fall off from 
It one another, and far leſs in Convex Glaſſes, in which 
'© the Rays of Reflexion run much farther aſunder, and 
a reunite behind the Glaſs. Hence it appears that by the 


means of theſe we can't produce Fire, as we do with 
the help of a Concave Glaſs which is call d a Burning- 
” glaſs, and may be Parabolick and ſpherical. The ſphe- 
rical ones are eaſily made becauſe the Turn or Turn- 
ing-wheel may eaſily ſerve for making a model for 
them, and they are eaſily poliſhed : But when the 
Z Glaſſes are Parabolick or of any other Figure, the Turn 
cant be ſo eaſily made uſe of for making a model fot 
them; and hence ir comes that they are very ſcarce, 
and indeed are not ſo good as the ſpherical, tho' ac- 
=> cording to the Theory they ought to be better. And 
upon this conſideration we ſhall here confine our ſelves 
do the ſpherical Burning Glaſſes. | | 


Glas be ABC, the Center of 
Which is D. Let a Ray of 
Light EF be Parallel to the 
= ſemidiamerer BD, which re- 
3X flecting by the Ray of Re- 
= flexion FG ſhall cut the ſemi- 
diameter BD in a point, viz. 
= G, nearer the ſurface than the 
= Center of the ſpherical Glaſs ; 
that is, the Line BG will be 
X always lefſer than the Line 
X DG, as appears by drawing 
the ſemidiamerer DE, which 
makes the Iſoſceles Triangle FGD, Se. 
We may readily apprehend, that, on the other hand 
it there's a Ray of Light parallel to the ſame ſemidi- 
BIO) Ge 3's $i U „ * ametes 


Let the Concave ſurface of a ſpherical well poliſh'd . 
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ameter BD, and equally diſtant from it with the Ray 
EF, as HI, fo that the Arches BF, BI are equal, this 
Ray HI will reflect by the Ray IG, which will paſs 
thro the ſame point G; and that if the Ray of Light 
were more or leſs diſtant from the ſemidiameter BD its 
Ray of Reflection would nor cut the Semidiameter BD 
at the ſame point G; but where-ever it cuts it, the point 
of concurſe will always be remorer from the Center than 
from the ſurface of rhe Glaſs. Now ſince we can con- 
ceive an infinice number of different Rays parallel one 
to another, and to the ſemidiameter BD, tis evident 
that all theſe Rays muſt reflect in one point, as G, 
which is call'd the focus; and at which one may by 
the Rays of the Sun light a Wax-Candle or a Flam- 
beau, and melt in a ſmall ſpace of time any Metal 
322 and vitrify Stone if the Glaſs is pretty 
rge. 

Trigonometry will readily lay open to us the di- 
ſtance of the fon from the ſurface of the Glaſs, the 
diſtance of the Ray of Incidence or Light being once 
known in degrees, and the ſemidiameter of the Glaſs 
in Feer or Inches. For inſtance ; If the Ray of Inci- 
dence EF is diſtant from the ſemidiameter BD 5 de- 
grees, ſo that the Arch BF or the Angle BOF is 5 de- 
grees, and if the ſemidiamerer DB or DF be 100060 
_ we may find the diſtance DG in the ſame parts, 

y drawing from the focus G the Line GK perpendi- 
cular to the ſemidiamerer DF, which will then be 
equally divided at the point K, and conſequently its 
half DK will be 50000 parts, and in the Triangle 
DEG the Analogy will run thus, * 


As the whole fine 100000 
To the ſecant of the Angle D 100382 
So is the Line DBK | 50000 
To the Line DG . 50191 


No the Line DG being ſubtracted from the ſemi- 
diameter DB or -100000, there remains 49809 for the 
Lin2 GB or the dittance of the focus from the Con- 
cave ſurface of the Glaſs. | 
Tas by this method that we calculated the fol- 
lowing Table, in which we ſee the focus G (till aps 
proaches nearer to the Concave ſurface of a N 


n 
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Glaſs, as the Rays of Incidence inlarge their diſtance 


from the Center; ſo that when the Rays are 60 de- 
grees diſtant, the focas G is exactly at the point B of 
the Concave ſurface of the Glaſs. 


— 
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FR nents 8 a 
| 2 | 49992 16 | 47985 31 | 41668 46 | 28022 

| 2 | 49970 | 37 0 47715 32 | 41041 47 | 26686 | 
3 | 49932 18 | 47427 33 | 40382 48 | 25276 

4 49878 | 19 222 34 | 39689 49 | _—_ 
eee [JO FRET TIRES 

161 49725 | [215 464437 136 338197 | | $1 7 2054 

'1 7 | 49627 22 | 46073 37 | 37393 52 | 18787 
| 8] 49599 | | 23 | 45682 38 | 36549 53 | 16928 
9 | 49377 24 | 45268 | 1 39 | 35662 54 | 14935 
[10 | 492990) [25| 448311 142134730] jp 5fjietet 
11 49064 | 26 | 44370 41 | 33749 56 | 10586 
12 | 48883 27 1 43884 42 1 32798 57 | 8196 
13 | 48685 | | 28 | 43372 43 | 31634 | 158 | 5646 
| 14 | 48468 | 29 | 42332) | 44 | 39492 59 | 2920 
{ 15 148236 30 | 42265 | | 45 29282 | ' 60 ] 0000 


—-— — — 1 


We may likewiſe obſerve in this Table that the Rays 
of Incidence from 1 to 15 degrees of diftance, unite 
by Reflexion almoſt in the ſame point, becauſe the di- 
ſtance of the focus G does not decreaſe ſenfibly. And 
hence tis, that ſuch a quantity of Rays darted from 
the Sun upon the Concave ſurface of a ſpherical Glaſs, 
which may paſs for parallel conſidering the great di- 
ſtance of the Sun from the Earth; hence tis, I ſay, 
that ſuch a quantity of Rays is reflected a'moſt in the 
{ame point, and conſequently all the Rays of Reflexion 


4 comprehended in a Concave part of the ſphete of about 


30 degrees, may by their union produce fire, as expe- 
rience ſhe ws. 


We obſerve further in the foregoing Table that the 


| 1 Focus G is diſtant from the Concave ſurface of the Glaſs 


about the fourth part of the Diameter, or half the ſemi- 
diameter DB, and by conſequence that a Concave ſphe- 


rical Glaſs will burn at ſo much the greater diſtance 


as its Diameter is greater. But after all we muſt not 
imagine twill burn at a vaſt uareaſonable 8 
a eſides 


— — ——— ͤ ———— recs 


— 
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beſides the difficulty of making one ſo large, thoſe Rays 
of Reflexion which unire 1n the ſame point in a little 
Glaſs, from 1 to 15 degrees diſtance, keep the focus 
G from any ſenſible change, and would not unite fo 
perfectly in a great Glaſs, the conſequence of which 
is a ſenſible change in the diſtance, and a diminution 
of the force of the Rays. So that what is written of 
Archimedes can't be credited, viz. That by the means 
of a Concave Glaſs he burnt with the Rays of the Sun 
the Naval force of the Romans, at a diſtance of 375 
Geometrical paces, which amount to 1873 Feet. 


COROLLARY. 


From what has been ſaid in this and the foregoing 


Problem, we infer, that if one puts a Luminous body, 


as a Candle, to the focus G, its Rays will be reflected 
in Lines very near parallel to one another and to the ſe- 
midiameter DB; and if one puts the ſame Candle to 
the Center D its Rays will reflect upon themſelves, as 
being then perpendicular to the ſurface of the Glaſs. 


By ſuch a Glaſs and the advantage of the Rays f 


the Sun, one may repreſent what Characters they will 


upon a dark Wall at a moderate diſtance from the 


Glaſs, viz. By writing upon the Concave ſurface of 
the Glaſs with Wax or otherwiſe, the Letters revers d 
of a pretty large Character, and holding the Glaſs di- 
rectly oppoſite to the Sun, for then the Letters will 
appear by Reflexion in their uſual poſition upon the 
propoſed Wall. | 

With the help of the ſame Glaſs ove may increaſe 
the light in a large Room, by applying a lighted Can- 
dle to the focus of the Glaſs, for then the Rays of the 
Candle will reflect all over the Room, and ſhine ſo 
bright that one may eaſily read againſt a Wall. 

In fine this Glaſs may be made uſe of for giving 
light in the Night-time, and for ſeeing what paſſes at 
a diſtance ; it may be of uſe ro thole who mean to 
preſerve their fight by uſing a Lamp fer to the focus of 
the Glaſs, which ought to be placed a lictle high and 
aſide, that it may conveniently convey the light of the 
Lamp to the Table where the Perſon Reads or Writes, 

The Burning Glaſſes. are ulually made of Mettal, 
for the greater facility of Reflexion, and thar ir may 
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be more ſpeedy and vigorous ; tho' there may be made 
of Glaſs ſuch as will make a very handſom Reflexion, 

rovided the Glaſs is very clean and ſomewhar thin, 
and that its cover is good to hinder the Rays of Inci- 


- dence to traverſe and refract. 


You may eaſily find the focus of a Concave Glaſs, 


When oppos'd to the Rays of the Sun, if you take a 
piece of Wood or any other ſolid matter, and move it 
to or from the Glaſs, till the diſcus of light that ap- 
pears by Reflexion againſt the piece appears as ſmall as 
poſſible, for then the piece is at the focus. Or elſe, put 
hot water near the Glaſs on that ſide of its concavity 
that points directly to the Sun, for the ſmoak that riſes 
from the hot water, will give you the pleaſant ſhew of 


the Cone of Reflexion, the rop of which is the focus. 


Another way is this. Throw ſome duſt before the con- 
cavity of the Glaſs that lies directly to the Sun, for in 
that duſt as well as in ſmoak you'll obſerve the Cone 
of Light Reflected, and conſequently its point which 
is the focus you look for: Nay in Winter when the 


Air is thick and condenſed by cold you may obſerve 


4 the focus and the whole Cone of Reflexion, without 
the help either of duſt or ſmoak. 


Tho one would think that fire can't be produced 


by a Concave Glaſs, without it be illuminated with 
* the Beams of the Sun in order to Reflexion, yet tis 
päoſſible to produce fire in a dark place, namely by con- 
veying the Rays of the Sun to the Concave Glaſs by 
the means of a plain Glaſs, which ought to be ſome- 
What large, that ſo the greater number of Rays uni- 
ting at the focus may burn more forcibly. 


PROBLEM XVI. 


Z Of the ſpheres of Glaſs, * to produce Fire by the Rays 
; : 


e Sun, 


of 


$ W E may likewiſe 282 fire by the Sun Beams 


with a ſphere of Glaſs or Cryſtal, or of any 


XX other matter that's readily penetrable by light, as wa- 
ter in a very round Bottle, or with a ſphere of Ice: 
Not by means of Reflexion, but by Refraction, which 

aan alſo gather into one point ſeveral parallel Rays of 


Light; 
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lighr ; for when they enter the ſphere they bend or 
break off approaching to a Perpendicular, and in flow- 
ing out of the ſphere they refract again departing from 
the Perpendicular, which makes them approach ro the 
Diamerer of the ſphere ro which the Rays of Inci- 
dence are parallel, and to meet it without in a point 
which is the focus; but the effect of this is neither ſo 
quick nor ſo vigorous as in a Burning Glaſs. 

Ler the ſphere or Ball of Glaſs be BCD, the Cen- 
ter of which is F, and the Diameter CD. Let AB 
be a Ray of Light or of Incidence which meeting the 
| ſurface of rhe Ball 
of Glaſs ar B, pene- 
trates and enters it, 
bur inſtead of going 
on in the ftraighr 
Line ABH, (which 
twould do if it met 
with no reſiſtance) it 
breaks off in the 
point B, which is 
5 therefore call'd the 
S point of Refraction, 
and approaching to 
the Perpendicular GBF towards the Center, continues 
in the Line BI, which being prolong'd meets the Dia- 
meter CD likewiſe —1 1 to E, which would be 
the focur if the Reſracted Ray did not refract a-freſh 
at the point I, into the Line IO, which moving from 
the Perpendicular IL meets the Diameter CD at the 
point O, which-is the focus, 

Before I ſhew you how to find this focus O, or its 
diſtance DO from the ſurface of the Ball of Glaſs, I 
ſhall explain ſome rerms and properties of broken An- 
gles and Angles of Refraction in a Glaſs, which are 
not the ſame in the other Diaphanous Bodies, as Ex- 
perience ſhews. 2 
I then the Line AB is a Ray of Incidence, the Line 
BI is call'd the Ray of RefraRion, and the Angle HBI 
the Angle of Refraction. The Right Line BG, which 
is perpendicular to the ſurface of the Ball, and by 
conlequence paſſes thro irs Center F, is call'd the Ax# 
of Incidence, and being prolong'd within the Ball, is 
call'd the Axis of Refration, | The 2 C 


- 
Problems of the Opticks. 
The Plan imagin'd to be form'd by the Ray of In- 
* cidence AB, and the Ray of Refraction BF, is call'd 
the Plan of Refra ion, which is always perpendicular 
co the ſurface of the Ball, which is call'd the breaking 


** ſurface, becauſe the Ray of Incidence breaks when it 
> arrives there. Tis evident that the Plan of Refracti- 
on paſſes thro the Axis's of Incidence and of Reftacti- 
on, and that it contains the Angle of Refraction HBI, 
and the Angle IBF which is call'd the Broken: Angle, 


and likewiſe the Angle ABG, which is call'd he Angle 
= of Inclination, and which is always equal to the Com- 
plement of the Angle of Incidence ABP. | 

The broken Angle increates and decreaſes as the Ana 
gle of Inclination is greater or leſſer, ſo that when one 
of theſe two Angles is ſunk, the other is likewiſe ſunk. 
Thus if the Perpendicular BG is a Ray of Incidence, 
there will be no Angle of Inclination, and the Ray of 
Incidence GB will not break in penetrating the Glaſs, 


but continue in a ſtraight Line towards the Center F; 


and ſo there's no broken Angle neither. Thus you fee 
that when the Ray of Incidence is perpendicular to the 
breaking Surface, it makes no Refraction, becauſe 
there's nothing to determine the Refraction more to one 
ſide than another. 5 

Tho the broken Angle increaſes in proportion with 
= the Angle of Inclination, yet ir does nor increaſe after 
the ſame manner, that x, it the Angle of Inclination 
= increaſes a Degree (for Example) the broken Angle 
= will not alſo increaſe a Degree, but irs augmenta- 


'2 tion is ſuch, Thar the Sinus's of the Angles of Inclina- 
tion in the ſame Medium are proportional to the Sinus's 


1 of their broken Angles in another that's eaſier or hard- 
er to be penetrated; ſo that the Sinus of the Angle of 


I nclination is to the Sinus of the broken Angle, as the 
Sinus of another Angle of Inclination is to the Sinus of 
Its broken Angle. And hence it comes, that if once 
one knows by experience one broken Angle for any 


done Angle of Inclination, he may eaſily know by com- 
as — the broken Angles for all the other Angles of 
X Inclination. . 
In regard the two Lines AH, CD, are parallel, the 
Angle E is equal to the Angle of Refraction HBE ; 
and ſoraſmuch as in all Rectilineal Triangles the 
Sinus 's of Angles are proportional to their oppoſite 
| Q /. 


Ns 


226 


Mathematical and Phyſical Recreations. 


fides, we know that the Sinus of the broken Angle 
EBF is to its oppoſite fide EF, as the Sinus of the An- 

le BFC or of the Angle of Inclination ABG, to the 
Ray of Refraction BE: And ſince we know by Expe- 
rience, that when the Ball BCD is of Glaſs, the Sinus 
of the broken Angle EBF is to the Sinus of the Angle 
of Inclination ABG or BFC, as 2 is to 3, it follows 
from thence that if the Line EF is 200 parts, the Ray 
of Refraction BE is 300, and ſo by Trigonometry one 
may eaſily find the Angle E. or the Angle of Refracti- 
on HBE, the broken Angle EBF, and the Semidiameter 
BF. having once diſcover'd the Angle cf Inclinarion 
ABG, or its equal BFC in the Amblygonium BEE, 
where three things are known, namely, the Side BE 
of 300 parts, the Side EF of 200, with the Angle BFE, 
which is the remaining Part or the Complement of 80 
degrees from the Angle BFC which is equal to the An- 
gle of Inclination ABC, which is ſuppos d. 

Suppoſe the Angle of Inclination ABG to be 10 de- 
grees, in which caſe the Angle BFE will be 170 ; and 
that one wants to know the broken Angle EBF : The 
Analogy is this: 


As the Side BE 300 
To the Sinus M the oppoſite Angle BFE 17365 
So is the Side EF 200 


To the Sinus of the broken Angle EBF 11577 


which will be found to be abour 6. 39'. and which be- 
ing ſubſtracted from the Angle BFC, or the Angle of 
Jnclination ABG, which we ſuppoſed to be 10 degrees, 
the Remainder is 3. 217. for the Angle of Refraction 
HBE, or for the Angle E, which will ſerve for finding 
the Semidiamerer BF, by this Analogy : 


As the Sinus of the Angle BFE 17365 


To the oppoſite Side BE 300 
So is the Sinus of the Angle E 5843 
To its oppoſite Side BF 2 101 


But if the Semidiameter BF is already known, as 
containing 100 parts, the Content of the Line EF in 
the ſame parts may be found by making the following 
Analogy in the ſame Triangle BEF : 

As 
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At the Semidiameter BF 


4 101 | 
Nv To the Line EF 200 
* So is the Semidiameter BF 100 
A To the ſame Line EF 198 


a 25 To which if you add the Semidiameter FC or 100, 


Jou have 298 for the Line CE. 


By this Method did we calculate the following Ta- 


4 ble, in which you'll find oppoſite to the Angle of In- 


_ 50 1 : WEE OP 2 i 
ABG|EBF | HBE| CE| | ABG| EBE HBE| CE 
I [| 0.40 | 0,20 | 300 11 7.183.421 297 
2 | 1.20 | 0:40 | 300 12 7.58 | 4. 2| 297 
3 |[2.0|1. o| 300 13 8.38 | 4422 | 297 
4 | 2.49 | 1. 20 300 14 9.16444 296 
—£|1:29| 1:40 |300] js | 9565. 4| 295 
6 |4. 02. 0] 299 16 10.355. 25295 
7 14.40 2-20 [299 17 [11.14 | 5.46 | 294 
8 5.19 2.41 | 298 18 11.535. 7 | 293 
9 [15.59] 3. 11298 | 19 | 12.32 [6.28 | 292 
10 16.391! 3.21 1298 20 13.11 16-49 1292 


—_— 


= clination ABG the Quantity of the broken Angle EBF, 
and of the Angle of Refraction HBE, with that of the 
Line CE, the Diameter CD of the Sphere of Glaſs be- 
ing ſuppoſed 200 parts. 

We have not prolong'd the Table beyond the 2oth 
degree of Inclination, this being ſufficient to let you 
ſee to what Proportion the Line CE decreaſes; by which 
you'll obſerve that ic decreaſes very ſlowly, as being al- 
ways equal to about 3 Semidiameters, fince the great- 
= eſt difference is but about the 25th part of a Diameter, 
whence it comes that the Line DE is almoſt equal ro 
the Semidiameter of the ſame Sphere, z. e. to the 
1 3; Line DF. 

This Line DE, which is found to be 98 parts for an 
*X Inclination of 20 degrees, as appears by ſubſtracting 
Cb from CE, will ſerve for finding the Focus O, as 
I am about to ſhew you, after taking notice that the 
broken Angle EBF is about double of the Angle of Re- 


: 


efraction 


fraction HBE, and that by conſequence this Angle f 
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Refraction HRE is almoſt equal to the third part of the 
Angle of Inclination ABG, as appears ar firſt view in 
the foregoing Table. 


Now to fiod the Focus O, we muſt conkder that the 


Lines DE DF, are almoſt equal, the Angles IEF, IFE, 
are almoſt equal, and conſequently that the Angle EIL 
which is equal to them, is about the double of each, 
and by conſequence of the Aggle E. This Suppoſition 
laid down, if we conſider the Line OI as a Ray of In- 
cidence, ſo that the Angle OIL will be an Angle of 
Inclination, in which — the Line IB will be a Ray of 
Refraction, the Angle Ol E an Angle of Refraction, and 
the Angle EIL a broken Angle; we will find that this 
broken Angle EIL is likewiſe the double of the Angle 
of Refraction EIO, as we obſerved before. Whence 
it follows that the two Angles E, EIO, are equal one 


to another, and conſequently that the Lines OE, Ol, 5 


are likewiſe equal; and foraſmuch as the Line OI is 
almoſt equal to the Line OD, the Line OE will be 
likewiſe almoſt equal to the Line OD; and ſo the Fo- 
cus O is about the middle of the Line DE, and conſe- 

uently the Line DO is about equal ro half the Line 

E, or half the Semidiameter DF. If thenyou take upon 
the prolong d Diameter the Line DO equal to half the 


Semidiameter DF or to the quarter of the Diameter 


CD, you have in O the Focus you demand. 

The Angle EBF, which is the broken Angle with 
reſpect ro the Ray of Incidence AB that advancing from 
the Air to enter the Glaſs refracts to the Line BE 


the Ray of Refraction: This Angle, I ſay, EBF 1 


becomes an Angle of Inclination with reſpect to the 
Ray of Incidence IB, which advancing out of the Glaſs 


to enter the Air, refracts reciprocally in the Line 
AB a Ray of Refraction: and in regard this Angle 
EBF is double the Angle of Refraction HBE, tis 


plain that when the Ray of Incidence flies out of the 
Glaſs to enter the Air, the Angle of Inclination is dou- 
ble the Angle of Refraction ; which we defire the Rea- 
der to rake notice of, upon the conſideration that 'twill 
be of uſe in the inſuing Problem. 
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of which FBC has its Cen- 


the following manner. 


Problems of the Opticks. 


PROBLEM XVII 


Of the Lens's of Glaſs proper to produce Fire with the 
Rays of the Sun. 


TH E Sparks of Glaſs which are capable of produ- 

cing Fire, when expos'd directly to the Rays of 
the Sun, may be flat on one ſide and convex on the 
other, as the Segment of a Sphere; or elſe convex on 
both ſides, as your Old Mens Spectacles and the Mi- 
croſcopes that magnify Objects very much, and are of 
uſe for diſcovering the ſmalleſt and minuteſt parts of 
Nature; or elſe convex on one fide and concave on 
the other, which are not ſo uſeful as the former, be- 
cauſe they can't produce Fire but when their Convexity 
points directly to the Sun, for when their concave 
part is turn'd to the Sun, the Rays of Refraction 
inſtead of converging, diverge, that is they ſeparate 
one from another, and ſo for want of Union can't pro- 
duce Fire, as ſhall be ſhewn in rhe Sequel. 

To begin with the firſt ſort, viz. thoſe made in form 
of a Sphere; Let's expoſe | 
to the Sun the plain ſur- 
face FC of the Lens of 
Glaſs FBC, the Convexity 


ter E in the Axis of irs Inci- 
dence EBH, which divides 
the Arch FBC into two e- 
qual parts at the Point B, and 
irs Chord FC likewiſe into 
two equal parts at the Point 
I. In this Axis of Incidence 
is the Focus H of all the 
Rays of Incidence which 
are parallel ro the Axis of 
Incidence EH, and conſe- 
quently perpendicular to the 
refracting Surface FC. This 
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Focus H or its Diſtance BH 
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Of the 
Lens's 

Glaſs made 
in the form 
of a Spheres 


from the Convexity of the Glaſs, 15 adjuſted after. 
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Let DA be a Ray of Incidence, which being parallel 


to the Axis of Incidence EH will cut the refracting 
fubſtance FC ar right Angles, and conſequently will 
go thro without refracting, till it arrives at the Point A 
of the convex Surface, where twill refract upon its 
egreſs from the Glaſs, and inſtead of going ſtraight to G, 
twill turn off by the Ray of Refraction AH, which will 
cut the Axis ot Incidence EH at the Point H; where 
all the other Rays of Incidence that are parallel to the 
Ray DA, will unite in RefraCtion, ar leaſt if the Arch 
BC or BF do's not exceed 20 degrees; for, as we 
ſhew'd in the foregoing Problem, the Rays of Refra- 
ction wou'd not unite at the ſame Point H, but nearer 7 
to the Point B. if theſe Arches exceeded 20 degrees. 
So the Point H will be the Focus, that being the Place 
where the Rays of the Sun uniting by Refraction are 
able to produce Fire. 8 


This granted, we muſt conſider that the Angle of ts; 


Inclination DAE, or its equal AEH being double the 4 


Angle of Retraction GAH or AHE its equal, as we 
proved in the foregoing Problem, the Sine of the Angle 
AEH will be almoſt double the Sine of the Angle AHE, 7 

by reaſon of the ſmalneſs of theſe Angles : And foraſ- 
much as in a rectilineal Triangle the Sides are propor- 


tional to the Sines of their oppoſite Angles, the Side 8 


AH will be alwoft double rhe 7 


Side AE, and ſince the Side AH © 


BH of the Focus H from the 
convex Surface FBC is almoſt © 
double the Semidiameter AE 
or BE, and conſequently the 


the triple of this Semidiameter. 

Bur if you turn the convex 
Part FBC towards the Sun, 
the Ray DA and all the other 
Rays parallel ro the Axis of 
Incidence EB, will refract 
twice before they unite in the 
Point K, which will be the Fo- 
cus when once they enter the 
Glafs in the Line AH, which 
oa approaches 


is very near equal to the Side Ti 
BH, it follows that the diſtance + 


whole Diſtance EH is about 
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| I approaches to the Perpendicular EAO, and a ſecond 


time when they go our of the Glaſs in the Line LK, 


Which recedes from the Perpendicular LM. 


From what has been ſaid in the foregoing Problem, 


it appears, That in the firſt Refraction the Angle of 
Inclination DAO or AEB is the triple of the Angle of 


Refraction GAH or AHE, and by conſequence the 


Line AH is the triple of the Semidiameter EA: And 

* foraſmuch as the Line AH is almoft equal to BH, this 
> Line BH will alſo be almoſt the triple of the ſame Se- 
* midiameter AE or BE, as before; which gives us to 


know, that the Focus would be in H if there were 
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but one Refraction : Bur ſince there are two, 


Tis evident from the Remark made in the forego- 
ang Problem, that in the ſecond Refraction HLM or 
KHL is double the Angle of Refraction KLH, and 
conſequently the Line KL is double the Line KH ; and 
fince the Line KL is almoſt equal to KB, when the 
thickneſs BI of the Spark is bur ſmall, as we here ſup- 
pole ir ro be, that Line KB is alſo almoſt double the 
Line KH, and by conſequence the whole Line BH is 
abour the triple of the Line KH : And fince we have 
prov'd the Line BH to be likewiſe the triple of the Se- 
midiameter BE, it follows that this Semidiameter BE 
is equal to the Line KH, and conſequently the Line 
KB is double the Semidiameter BE, or equal to the 
whole Diameter. If then you meaſure the length of 
the Semidiameter EB from the Center E to E, this 
Point K will be the Focus you look for. ö 
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Of tho We come next to the Glaſſes that are convex on 
— . both Sides. To find the Fes of the Lens of Glaſs ® 
are Convex ABD, of which the Axis | 
on boch EI conrains the Center E of 
Sides, the Covexity ADC, and the 


Center F of the Convexity 


cidence GH parallel to the 


BF, draw the ſtraight Line 
HI, which will give the 
Point K of the ſecond Re- 


ſtrait Line EKM which will 


fracting Surface ADC; and 


Ray of Incidence, the Angle IKM will be an Angle of 
Inclination, and that being donble rhe Angle of Refra- 
ction, as we remark'd in the foregoing Problem, if at K 
you make the Angle IKL equal to half the Angle IKM. 
you will have in L the Focus you Look for wich re- 
ſpect to the Convexity ABC expos d to the Sun. 
When the Semidiameters ED, BF, are equal to one 
another, hat is, when the Convexities ABC, ADC, 
are equal Portions of the Surface of rhe ſame Sphere z 
the Focus will be found about the Center F of the Con- 
vexity AC pointing ro the Sun. Bur ler rhe Semi- 
diameter ED, BF, be equal or 3 the diſtance 
ot the Focus L will always be the ſame, turn which 
Side you will to the Sun. 
ot the - As for the Glaſſes which are convex on one Side and 
Glaffes that concave on the other, the Focus of ſuch a Glaſs will be 
are Convex found after the ſame manner with that of the laſt ſort, 


on one Side 5 g a 
and Coacave When the convex Side is turn'd to the Sun; bur there's 


- Aga o- a more compendious way of finding it, when the Dia- 


meter of the Concavity is triple the Diameter of the 
Convexity, for then the Focus is a Diameter and a 
half or three Semidiamerers diſtant from the Convexi- 
ry which we ſuppoſe turn d to the Sun, 7. e. tis at the 
Center of the Concavity, the thickneſs of the Lens be- 
ing conſider d as very ſmall | . 


ABC; draw any Ray of In- 


Axis EI, and having taken 
upon that Axis the Line BI | 
triple to the Semidiamerer | 


= 


l 5. 
. * 
* 


fraction, thro which K dra 
from the Center E the 


be perpendicular to the re- 


ſo IK being conſider'd as a 1 


* K* 
r A ww . 


the Convexity ABC, as above; 


can't aſſemble in that Point 


| they ſeparate in Lines that tend only to that Point: 


4 Problems of the Opticks. 
Loet ſuppoſe a Lens of Glaſs ABCD, in which the 
Semidiameter EB of the Convexity ABC, which faces 
the Sun, is the third part of the 
Semidiameter FD of the con- 
cave part ADC. Upon this Sup- 
poſition, I ſay, all the Rays of 
Incidence parallel to the Axis 
BF, as GH, will unite by Re- 
fraction at the Center F of the 
Concavity, becauſe the Ray GH 
in paſſing thro the Glaſs will re- 
fract to the ſtraight Line HI, 
which being continued will paſs 
thro the Point F, at the diſtance 
of three Semidiameters from 


no the Ray of Refraction HF 


being perpendicular to the con- 


cave Surface ADC, will not re- 


4 fract ar I upon its egreſs from the Glaſs | but will 


continue in a direct Line to F, and conſequently F is 
the Focus we ſeek. | 

Blut if you turn the concave Side to the Sun, the Focus 
will be found as above; and may likewiſe be found 


after a more compendious way, when the Semidiame- 


ter AB of the Concavity is 


6 the third part of the Semidia- :& 
meter CD of the Convexity ; #5 
for in that caſe the Focus will E : 
be found at the Center C 14 
of the Convexiry, if the thick- + 
neſs of the Glaſs BD be incon- * 
ſiderable; which is always a ; ; 
= neceſſary Suppoſirion. But 2 
there's no uſe to be made of : A. 
ſuch a Glaſs expos'd ro the FA 
Sun, for its Rays of Refra- : 
Ction ſeparate inſtead of uni- 
ting. So that the Point C is 
but improperly term'd a Focws, 
for the Rays of Refraction 


which looks to the Sun, but 


This 
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Remark. This Focus C which can't produce Fire, is call'd the 
Virtual Focus to diſtinguiſh it from the True Focis, in 
which the Rays of the Sun by Refraction ate capable 
to produce Fire. The true Focus may be found by the 
following Analogy, which ſuppoſes the thickneſs of tge 
Glaſs, rhe Convexity of which points to the Sun, to 

be very ſmall and as it were inſenſible. 


As the di ference of the Semidiameters of the Concavity 
and of the Convexity, | 
To the Semidiameter of the Convexity ; BY 
So is the Diameter of the Concavity 0 
To the Diſtance of the Focus. yz 


In a Glaſs that's convex on both Sides, the Focus 1s | 
always true, and may be found by the following Analo- 
gy, which ſuppoſes, as well as the former, the thick- 4 
neſs of the Glals to be very (mall. is 


vexities, 3 
To the Semidiameter of the Convexity that far * 
the Sun; 
So 31 the Diameter of the other Convexity, 

To the Diſtance of the Focus. 


ot c This Analogy will ſerve likewiſe for finding the >. | 
a yy on c of a Lens that's concave on both Sides; bur in re- 
e. gard ſuch a Focus is only virtual, as well as in thoſe | 
which are flac on one Side and concave on the other, | 

we ſhall now wave all further conſideration of em. 
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= If you make a Lens of Glaſs ABCG, concave on one 
in ¶ Side and convex on the other, ſo as that the Convexity 


ble ABC is the Surface of a part of a Spheroid produced 


6 
ro 4 


* 


by the circumvolution of the the Elypſis ABCD, 
round its great Axis BD, which is to the Diſtance EF 
of the two Focus's E, E, of the Ellyp/is, as 3 to 2 ; and 
Bo the Center of the Concavity AGC is the Focus E. 
I you make ſuch a Glaſs, I ſay, and expoſe its Con- 
le vexity directly to the Rays of the Sun, all the Rays of 
r, Iacidence that are parallel to the great Axis BD will u- 
nite by Refraction in the Focus E, which by conſequence 
woill be the true Focus of this Spherico-Ellyptick Lens. 
Its Convexity may likewiſe be made hyperbolick ; bur 
that's roo ſpeculative for Mathematical Recreations. 
See Dechales's Dioptricks. | 
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PROBLEM XVIIL 


To repreſent in a dark Room the Objects without, with 
their natural Colours, by the means of a Lens of Glaſs 
that's convex on both Sides, 


H4ving ſhut the Door and Windows of the Room, ſo 
as to ſtop all the Avenues of Light, except a (mall 
Hole made in one of the Windows chat looks to ſome 
frequented place ot ſome fine Garden; apply to that 
Hole a Lens of Glaſs that's Convex on both fides, bur 
not very thick, that its focus may be the more diſtant, 
as in your old Men's N And the Images of 
the Objects without that paſs by the Glaſs, Fein 
receiv'd upon a piece of Linnen ſtretch'd Perpendt- 
cular, or very white Paſtboard placed abour rhe focus 
of the Glaſs, will appear thereon with their natural 
Colours, and thoſe even more lively than the Natu- 
ral, eſpecially when the Sun ſhines upon 'em, bur ſa 
as not to ſhine upon the Glaſs ; for if roo much Light 
flaſh'd againſt the Glaſs, 'rwould hinder the pleaſant 
diſtinction of the Images of the External Objects; 
which will otherwiſe appear ſo diſtinctly with all 
their Motions, that not only Men may be diſtinguiſh'd 
from other Animals that paſs, but even Men from 
Women. the Fowls flying in the Air will be ob- 
ſerv'd, and the leaſt Air of Wind will diſcover it ſelf 
by the trembling of the Plants or Leaves of Trees Per- 
ceptible upon the Linnen or Paſtboard. 
Even without a Glais one may diſtinguiſh upon the 


Wall or Cieling of a Room, the Images of external 


Objects, and eſpecially thoſe in Motion; :bur then 


thele Images do not appear near ſo fine nor ſo diſtindt, 


becauſe tneir Colours are dull and dead. Bur ſee them 
which wav you will, they will ſtill appear inverted 
which may be help'd ſeveral ways, though that is to 
no purpoſe ; for ir do's not inlarge the pleaſure of 
ſeeing them with a Glaſs in their natural Colours, nor 
impair the uſe to be made of it, namely the repre- 
ſencirg in Miniature upon Paſtboard, Landskips, and 
every thing that has the opportunity of conveying its 
form to the Paſtboard ; viz. by running a Pencil 04 
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all the Trairs of that Repreſentation, which will ap- 


pear as in Perſpective, and of which the parts will be 
ſo much the better proportion d hat the Lens is thin 
in the middle, and the Hole through which the Spe- 
cies paſs to enter the Glaſs is ſmall. That Hole ought 


not to be very thick, and therefore it ought to be 


made in a very thin round plate of Metal applyed to 
the hole of the Window, which ought to be ſome what 
large, for giving the freeer paſſage to the Species or 
Images of the External Objects, that lie ſideways 
to it. ; 

If you ſhut the Windows of a Room, and leave the 
Door open, you may there ſee what paſſes without by 
ſeveral plain Looking-glafles which communicate the 
Species by Reflexion one to another, Ge. 

J forgot to tell you, that by this way of repreſent- 
ing upon a Surface the Images of Objects with a Lens 
of Glaſs, the Phyſicians explain he ſenſe of ſeeing ; 
they rake the hollow of the Eye tor the cloſe Room, 
the bottom of the Eye or the Retina for the Surface 
that receives the Species, the Cryſtalline humour for 
the Lens of Glaſs, and the perforation of the Apple 
for the hole in the Window, through which the Spe- 
cies or Forms of the Objects pals. 


PROBLEM XIX. 


To repreſent on a Plain a diſguiſed or deform'd Figure, 
ſo as to appear in its natural Poſition, when view'd 
from a determin'd Point. 


OU may diſguiſe or miſ-ſhape a Figure, for ex- 

ample a Head, in ſuch a manner, thar upon the 
Plain where 'tis drawn, there ſhall be no proportion 
obſerv'd in the Forehead, and yer when ſeen from a 
certain Point, ir ſhall appear in its juſt Proportions. 
The way of doing it is this. 

Having made upon Paper a juſt draught of the Fi- 
gure you deſign to diſguiſe, deſcribe a Square round 
it, as ABCD, and reduce it to ſeveral little Squares by 
dividing the fides into ſo many equal Parts, ſeven for 
Inſtance, and drawing ſtraight Lines along and a-croſs 
to the oppolite Points of Diviſion, as the Painters do 
when 
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when they go to copy a Picture, and contract it or 
bring it into a ſmaller Compaſs. 5 

This done, deſcribe at pleaſure upon the propos'd 
Plan the Oblong EBFG, and divide one cf the two 


& — 


A 
leſſer fides, EG, BF, into as many _ parts as 
there are already divided in the ſides of the Square 
ABCD, viz. ſeven. EG being here thus divided, di- 


vide the other ſide FB into two equal parts at the A 
Point H, from which draw to the Points of Divifion in 
the Oppoſite, as many ſtraight Lines, the two laſt of 


which will be EH, GH. 


In the next place having taken at pleaſure upon the * 
fide BF, the Point I above the Point H, for the height of 
the Eye above the Plain of the Picture, draw from that 


Point I to the Point E the ſtraight Line EI, which here 


cuts thoſe that go from H, at the Points, 1, 2, 3, 4, 5, 6, ſuœ 
7; through which do you draw as many ſtraight Lines 
m_ to one another, and to the baſe EG of the 


riangle EGH, which by this contrivance is divided 
into as many Trapeziums, as there are Squares in the 


Diviſion of the Square ABCD. So if you transfer in- 


to the Triangle EGH, the Figure in the Square ABCD *' 


by bringing each Trait into the ſame Reſpective Tra- 
pezium's or Perſpective Squares, which are repre- 
ſented by the natural Square of the great Square 
ABCD, the deform'd Figure is deſcrib'd ; and you'll 
find it conform to its Prototype, i. e. to the appear- 
ance in the Square ABCD, when you look upon it 

through 
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through a hole that's narrow towards the Eye, but 
= widens much on the ſide towards the Picture, ſuch as 
EK, which I ſuppoſe to be raiſed perpendicularly upon 
the Point H, ſo that its height LK is equal to the 
beight HI, which ought not to be very great, that the 
& Figure may appear ſo much the more deform'd. See 
Prob. XXI. 


PROBLEM XX. 


To deſeribe upon a Plain a deform'd Figure that appears 
nin its natural Perfection, when ſeen by Reflexion in a 
= plain Looking-glaſs. 


Having drawn, as above, your propos'd Figure in 
| a Square, ſuch as ABCD, divided into ſeveral 
other Squares, which in this example are ſixteen in 
number ; and ſuppoſing the Glaſs ro be an exact 
Square, naked and without a Frame. as EFGH, draw 


upon the plain of the Picture the Line IK equal to 
tte fide EF of the Looking-glaſs, to the end that 
1 2. 
W : 
| "4 : 
: 


; the Figure may entirely fill or take up the Glaſs EFGH ; 


* 


and having divided this Line IK into two equal parts 
at the Point P, draw the indefinite LM Perpendicu- 
har to it, and paſſing thro' its middle Point P, fo that 
4 = m parts PL and PM are equal and as long as 
XX YOu WI. 


Then 
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Then raiſe from the Point L, the Line LQ Perpen” ( 
dicular to the Line LM, and equal to the double of  ( 
the Line IK, or of the fide of the Glaſs EF; and from | 
the Point M, raiſe the Line NO Perpendicular to the ( 

l 
0 
5 
\ 
f 


o 
. 
1 
* 


ſame Line LM, and likewiſe double the Line IK ; then 
joyn or draw the Right Lines LN, LO, which will 
ſs thro the Points, I, K, and make the Triangle 
L.NO. Now, divide this Triangle LNO, as in the 1 
foregoing Problem, into as many Perſpective Squares 
as there are natural ones in the Square ABCD, and: 
after the ſame manner as above transfer into them 
the Figure in the Square ABCD, which will appear 
deform d upon the plain of the Picture, but natural 
and like irs Prototype when ſeen from the Point Q, 
rais'd Perpendicularly upon the Point L, as we ſhew'd i 
in the foregoing Problem. Bur if you will you may 
ſee it with its natural features by Reflexion in the Glaſs if 
IRSK placed upon the Line IK, when you look ro i 
the Glaſs through a ſmall Hole raiſed Perpendicularly 
upon the Point M to the height of MQ, equal to 
LQ in the preceding Cur. 4 
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PROBLEM XXI. 


To deſcribe upon a Horizontal Plain a deformed Fig ure | 18 
which appears Natural upon 4 vertical Tranſparent 
Plain, placed between the Eye and the deformed Figure. 
Re 1 

TI 8 evident, That if you put in Perſpective any 
Figure whatſoever, upon Paper conſidered as ati 
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Ground Line a Tranſparent Plain, for example of 
of Glaſs ; the Eye being placed oppoſite to the Point of 
mn ſight, upon a beight equal to the diſtance berween the 
1e Ground Line and the Horizontal Line, and diſtant from 


n the Tranſparent Plain repreſenting the Picture, by a 
diſtance —. to that ſuppos d in the Perſpective, 
will ſee the diſguiſed Figure appear in the Glaſs in 

its juſt Proportions. Thoſe who underſtand Perſpective 

will readily underſtand what I ſay; and thoſe who 
are unacquainted with it, may reſolve the Problem 

*X Mechanically after the following manner. 

XZ Having drawn upon a piece of Paſt-board your 

propos d Figure in its juſt Proportions, for Example 

the Eye EF, prick the Paſtboard, and ler it up at 

Right {Angles upon the Plain MNOP, where you 

have a mind to draw the Figure diſguiſed : Put behind 

the prick d Paſtboard 

a light, of what height 

and at what diſtance 

you pleaſe, as at G; 

and then the Light paſ- 

ſing through the holes 
of the Paſtboard ABCD 
will convey the Figure 
to the Plain MNOP, 
and there repreſent it 
all over disfigured, as 

HKL, which you're 

to mark down with 

your Pencil or other- 
= wiſe, Now this disfi- 
= guring Repreſentation 

1 —— ons in the na- 

== tural proportions upon P 

= a Glak ſer up in Is 

room of the Paftboard ABCD, and look'd into by 
the Eye placed at G. Nay twill appeat conform 
do its Prototype EF, to the naked Eye chro' a little 

hole at the Point G. 


o 


* 
| - 
* 


1 

1 
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PROBLEM XXII. 


To deſcribe upon a Convex Surface of a Sphere a diſ- 
guisd Figure that ſhall appear natural when lool d 
upon from a determin'd Point. 


HAving drawn upon Paper the juſt Proportions 
of the Figure you have a mind to diſguiſe, ſur- 
round it with a Circle ABCD, the Diamerer of which 
AC, or BD is equal to the Diamerer of the Sphere 
propos d; and divide its Circumference into what 
number of equal parts you will, ſixteen for inſtance, 
and draw as many ſtraight Lines from the Center of 


H | 4 

the Circle ro the Poinrs of Diviſion. Divide likewiſe 
the Diameter AC or BD into a certain number of e- 
qual Parts, eight for Inſtance, and deſcribe from the 
ſame Center through the points of Diviſion the Cir- 
cumferences of Circles, which with the Right Lines 
drawn from the Center, will divide the Circle ABDC 
into 64 little Spaces. 

\ Deſcribe 


Problems of the Opticks. 
Deſcribe agaid another Circle EFGH, equal to the 
former ABCD, arid draw from its Center I the Right 
Line IK equal ro the diſtance of the Eye from the 
Center of the Sphere propos d, ſo that the part GK. 
may be equal to the height of the Bye above the ſur- 
face of the ſame Sphere; and having drawn through 


the ſame Center I the Diameter FH Perpendicular to 


the Line IK, divide this Diameter FH into as many 
equal parts as you did the Diameter of the firſt Cir- 


cle ABCD, vix. eight 1 parts; then draw from 


the Point K through the Points of Diviſion, as many 


ſtraight Lines, which will give you upon the Semicit- 


cle FGH the Points, 1, 2, 3, 4, and upon the othet Se- 
micircle FEH, the Points, 5, 6, 7. 

This Preparation being made ; deſcribe from the 
Point L as the Pole, upon the Convex Surface of the 
propos d Globe, Parallel Circles, with the aperture or 
diſtances Gi, G2, G3, G4 and GFE, the greateſt of 
which will be MNO, of which the half is only viſible 
in the Scheme. Divide this half into as many equal 


Parts, as there are in the Diviſion of the Semicircle of 
ABCD, viz. eight parts, in order to deſcribe rhrough 


the Points of Diviſion and through the Pole L as many 
great Circles, which with the former will divide the 
Hemiſphere- LMNO in as many ſmall ſpaces as you 
did the Circle ABCD; into which you are to tranſ- 
fer the Repreſentation of the Circle ABCD, and there 
you will find its form disfigured, though 'rwill reaſ- 
ſume irs primitive Aſpect when beheld from a Point 
raiſed Perpendicularly upon the Point L, and remov d 
from the Point L equally with the Line GK. 
What we have done upon the Convex Surface of a 


Sphere, may be done after the ſame manner upon the 


Concave Surface of the ſame Sphere; with this only 


difference that the Parallel Circles deſcrib'd above 


from the Pole L with the Apertures, Gr, G2, G3, Ge. 


muſt here be deſcrib'd with the Intervals, E;, Es, 


5 Ey, and EF. that is to ſay, inſtead of making uſe of 


the Semicircle FGH, which the Eye placed at the 


Point K ſees as Convex, you muſt make uſe of the 
other Semicircle FEH, which the Eye placed at the 
lame Point K ſees as Concave. 


R 2 P R Os 
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oY 1 | 3 
PROBLEM XXII. -| 


To deſeribe upon the Convex Surface of a Cylinder a de- "MP 
form d Figure, that appears handſom and well propor- 
tion d when ſeen from a determin'd Point. | 


H-4ving incloſed after the uſual manner, the Figure 
you have a mind to diſguiſe, in a Square KLMN 
divided into ſeveral other little Squares; and having 
derermin'd the Point of the Eye at O, at a reaſona- 7 

ble diſtance from the propos d Cylinder ABCD, the *X 
Baſe of which is the Circle AFBG ; draw from the 


Center E of that Baſe through the derermin'd Point * i 


n 
** - . 
. | 


14 


. 
_— % 
D — be” 
Um Z 6h 
It . 
N . WW >. = 4 
WH IN 712 | 4 ; 
5 i © * — 17 AS = 
1 ”Þ J\2\ 11s 3 Re, 
O ö 
by 
O, the Right Line EO; then draw Perpendicular to 
it, and through the Center E the Diameter AB, 
which divide into as many equal parts as thoſe of the : 


fide KL in the Square, KLMN ; then draw from the 
Point O tbrough the Points of Diviſion as many l 

ſtraight Lines, which will give upon the Circumfe- *X 

rence of the Semicircle ſeen by the Eye, AFB, the 

Points, 1, 2, 3, 4; and upon the Circumference of * 

the other Semicircle not ſeen by the Eye, viz. AGB, 

the Points, 3, 6, 7. 2 

SER Then 
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Then draw upon the Surface of the Cylinder, thro' 

the Points, 1, 2, 3, 4, Lines Parallel ro one another, 
and to the Axis of the ſame Cylinder, or to the fide 

. = Ad or BC: And having divided one of theſe Paral- 
lels into as many equal parts as the Diameter AB, 
daeeſcribe upon the Surface of the ſame Cylinder thro' 
the Points of Diviſion, the Circumferences of Circles 
parallel ro the Circumference AFBG ; which with 
the foregoing parallel ſtraight Lines will form little 
© Squares ; and into theſe do you tranſport the Figure 
of the Square KLMN, which will appear disfigured 
upon the Surface of the Cylinder ABCD, but con- 
form to its Prototype when viewed through a little 


* F F 1% 28 


hole at O, where the Eye was ſuppoſed to be in the 
Conſtruction. i | 


CR 
ö Surface of the Cylinder ABCD, may be done after 
the ſame manner in the Concave Surface ; by ma- 

king uſe of the Semicircle AGB, as we have done 
of the Semicircle AFB, i. e. by raifing Perpendicu- 
; lars from the Points, 5, 6, 7, into the Concave Sur- 
face, as we have done from the Points, r, 2, 3, 4, in- 
co the Convex Surface, c. Sf woke 


PROBLEM XXIV. 


© To deſcribe upon the Convex Surface of a Cone 4 diſ- 
guis'd Figure, which appears natural when look d up- 
on from a determin'd Point. | | 


7 


1% J )Peſcribe round the Figure you intend to diſguiſe, a 


What we have now been doing upon the Convex Remark: 


— P — — — — 


Having divided the half IL of the Baſe IK into as 
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— 


therein contain d, and disfiguring it upon the Convex 
Surface of a Cone, when that Surface is divided into 
as many little Spaces, and that after the following 
manner. | 2 


Oy drawn by it ſelf the Line IK equal to the Di- 


ameter of the Baſe of the Cone propos'd, and divided it 


into two equal parts at the Point L, draw perpendicu» 
lar to ir, through the Point L, the Line LM equal to 
the height of the Cone, and joyn or draw the Right 
Lines, MI, MK, which will repreſent the Sides of 
the Cone, which I ſuppoſe to be a Right Cone, as 
if the Cone had been cut by a Plain drawn through 


its Axis, ſo that the I/oſceles Triangle IKM will re- 


preſent the Triangle of the Axis. F 
This done, prolong the Perpendicular LM to. N, 

(above the Point M, which repreſents the Point of the 

Cone, ) as far as you would have the Eye to be rais d | | 


above that Point, ſo that the Line MN will be equal 


ro the diſtance of the Eye from the top of the Cone. 
many equal parts as the Semidiameter AO of the I 
Prototype , draw from the Point N through the 
Points of Diviſion, 1, 2, the Right Lines NI, Na, | 
1 


which will give upon the ſide IM the Points 4, 3. In 


fine deſcribe from the tip of the Cone with the A- 
pertures M3, M4, the Circumferences of Circles u- 
on the Convexity of the Cone, which will re- 
preſent the Circumferences of the Prototype ABCD; 
and having divided the Circumference of the Baſe of 


the 


1 Problems of the Opticks. 


XZ the Cone into as many equal parts as the Circumfe- 
*X rence ABCD, draw from the top of the Cone thro* 
7 the Points of Diviſion as many ſtraight Lines which 
with the foregoing Circumferences will divide the 
| b the Cone into 24 ſmall disfiguring 

Spaces repreſenting thoſe of the Prototype ABCD, 
into which you're to transfer the Figute of the Pro- 

totype, which will appear disfigur'd upon the con- 

vex Surface of the Cone, but will appear natural to 
the Eye placed at the diſtance MN directly above the 


convex Surface o 


Vertex of the Cone. 


= practis'd after the ſame man- 
ner on the concave Surface of 
a hollow Cone, ſtanding on its 
no Vertex; With this only diffe- 
g = rence, that you muſt prolong 
Ji. © the Perpendicular LM beyond 
the Point L to N, fo that the 
Line MN may be equal to the 
*X diſtance of the Eye from the 
Point of the Cone, which in 
of this Caſe muſt ſerve for its 
2X Baſe, that the Eye placed at N 
oh A 4 may ſee into it, Ge. 


e- 
PROBLEM XXV. 
which will appear in its natnral proportions upon the 


Convex Surface of a Right Cylindrick Looking-Glaſs, 
the Eye ſeeing it by Reflexion from a Point given. 


4 b ; Irſt of all incloſe the Figure you have a mind to 
jn diſguiſe, in a Square, ſuch as ABCD; and divide 


a | the Square into fixteen other ſmall Squares, in order 
al to transfer from them the Figure of the Prototype in- 
0 ſuch other disfiguring Squares to be deſcrib d upon 


y * the Conyex Surface of a 1 Glaſs, the Baſe 
of of which is the Circle FGHE, baving E for its Cen- 
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; + To deſcribe upon an Horizontal Plain 4 diſguis d Figure, 


247 


XZ What we have now been doing upon the Con- Renurk. 
ver Surface of a Cone, ſeated on its Baſe, may be 


—— 
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If K is the Seat of the Eye, that is, the Point that 
anſwers upon the Horizontal Plain Perpendicularly to 
the Eye, which may be diſtant from the Cylinder a 
Foot or two, and be placed a little higher than the 
Cylinder, in order to ſee by Reflexion the more © 

arts of the Horizontal Plain : Draw from the Poine 
K to the Center E the Right Line KE, and from its 


r 
* 


ny 


middle Point L deſcribe through the ſame Center E 
the Arch of a Circle FEH, which will mark upon tbe 
Circumference FGHI the two Points F, H; and thro' © 
theſe you are to draw the Right Lines KFS, KHT, 
w_ will touch the Circumference at the ſame Points i 
y & 6 = 
Then divide each of the two equal Arches EF, 
EH, into two equal parts, at the Paints M, * and 
raw * 


r 
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draw from the Point K through the Points M, N, 
the Right Lines KM, KN ; which will mark upon 
the Circumference FIH the two Points, O, P; and 
from theſe two you are next to draw the Right Lines 
OQ. PR, ſo, that the Angle of Reflexion FOQ may 
be equal to the Angle of Incidence POK, the Line 


Eo being taken for a Ray of Incidence, and in like 
manner the Angle of Reflexion HPR may be equal 


to the Angle of Incidence OPK, the Line KP being 


taken fora Ray of Incidence ; and themthe five Lines 


IEK, OQ, PR, FS, HT, will repreſent the Lines of 
the Prototype, which are Parallel to the two fides 
Abd, BC, repreſented by the two Tangents FS, HT. 


It remains only to divide theſe Lines into four equal 


is parts in Repreſentation, which I ſhall do the ſhorreſt 
way, without the poflibility of any conſiderable Er- 


ror. 


Having drawn through the Point I, where the 
Line KE cuts the Circumference FIH, the Line 1, 2, 


=> Perpendicular to the ſame Line KE, which will be 


= rerminated at the Points 1, 2, by the two Tangents 
EKF, KH, draw from the Center E through the Point 
che Right Line Ho, equal to the Line, 1, 2, and 

divide it into four equal parts at the Points, 7, 8, 9. 


Then draw through the Point K the Right Line KX 
equal to the height of the Eye and Parallel to the 
Line Ho, or Perpendicular to the Tangent KH; 
and having applied a ſtraight Ruler to the Point X. 
and to the Points of Diviſion, 7, 8, 9, o, mark the Points 
upon the Line HT, where tis cut ſucceſſively by 


> the Ruler; and you'll find the Line HT divided in- 


to the Points, 7, 8, 9, T, parts equal in appearance 
to thoſe of the Line, 1, 2, which is divided by the 
Lines drawn from the Point K, into four parts almoſt 


equal one to another. At laſt, carry the diviſions of 


the Tangent HT upon the other Tangent FS. 


To divide thg Line PR into four equal parts in Re- 


- preſentation of thoſe of the Line, 1, 2, draw thro' 


4 N the Line P6, or Perpendicular to KP ; and havin 


: the Point P the Line P6 perpendicular to the Line 


KP, and equal to the Line, 1, 2; and divide this Per- 
pendicular P6 into four equal parts at the Points 3, 


4,5. In like manner draw from the Point K the Line 


KV equal to the height of the Eye, and Parallel to 


applied, 
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applied, as before, a Ruler to the Point V, and to the 
Points of Diviſion, 3, 4, 5, 6, mark upon the Line KP 

rolong'd the Points, 3, 4, 5,6, where tis cut by the 
Ruler. In fine, transfer the Diviſions of the Line PN, 
upon each of the two Lines, PR, OO, and draw 
four Circumferences of Circles through the Points 
equidiſtant from the Circumference FGHI, mark'd 
upon the four Lines FS, OQ, PR, HT. Theſe four 
Cirenmibrentes with the Right Lines FS, OQ, IK, 


PR, HT, will form 16 Squares, into which if you 
transfer the Figure of rhe Prototype ABCD, twill 
appear deform'd upon any Horizontal P! N 
jos proportions upon the Convex Surface of the Cy- * 


indrical Glals, placed Right upon irs Baſe FGHI, 
when ſeen by Reflexion, by the Eye rais'd per- 
pendicularly upon the Point K to a height equal to the 
Line KV or KX. 


PROBLEM XXVL 


To deſcribe upon an Horizontal Plain a diſgui d Figure 
that appears in its juſt proportions upon the Convex 
Surface of a Conical Glaſs, ſet up at Right An- 
gles upon that Plain, being ſeen by Reflexion from a 
Point given in the prolong'd Axis of this Specular 
Cone. 


N the firſt. place, deſcribe round the Figure you 
mean to diſguiſe, the Circle ABCD, of whar big- 
neſs you will; and divide its Circumfererice into what 
number of equal Parts you will; in order ro draw 
from the Center E to the Points of the Diviſion as 
many Semidiameters, one of which, as AE, or DE 
ought to be divided into a certain number of equal 
args, in order to deſcribe from the Center E, thro' the 
oints of Diviſion, as many Circumfetences of Circles, 
which with the foregoing Semidiamerers will divide 
the Space terminated by the firſt and greateſt Circum- 
ference, ABCD, into ſevernl little Spaces, which will 
erve for copy ing the Picture therein contain d, and 
for disfiguring it upon an Horizontal Plain round the 
Baſe FGHI of a Conick Glaſs, and rhat after the fol- 


4 . 
lowing manner. 
544 * \ 9 
ä Taking 


ain, but in its 


— I 

Ba 
—>> SPL 
LS 


Problems of the Opticts. 251 
Taking the Circle FGHI whoſe Center is O, for 
the Baſe of the Cone; deſcribe apart the Right An- 
gled Triangle KLM. in which the Baſe KL is equal 
to the Semidiameter OG of the Baſe of the Cone, and 
the height KM is equal to the height of the Cone. 

"2 Prolong the Altitude KM ro N, ſo, that the part MN 

may be equal to the diſtance of the Eye from the 

We] top of the Cone, 

cr the whole Line 

KN may be equal 

to the height of the 

Eye above ihe Baſe 

of the Cone: And 

having divided the 

Baſe KL into as 

many equal parte as 

the Semidiameter 

AE, or DE of the 

Prototype, draw 

from the Point N 
to the Points of Di- 
viſion P. Q, R, as 
many ſtraight Lines, 
which will mark 
the Points S, T, V, 
upon the Hy pothe- 
nuſe LM, which re- 
preſents the ſide of 
the Cone. At the 
Point V make the 
Angle LVI equal to 
the Angle LVR; at 
the Point T make the Angle LT 2 equal to the Angle 
LT Q; at the Point S make the Angle LS 3 equal to 
the Angle LSP; and at the Point M which repre- 
ſents the Vertex of the Cone, make the Angle LM A 
equal to the Angle LMK; and ſo you have upon the 
prolong'd Baſe KL the Points, 1, 2, 3, 4. 

In fine deſcribe from the Center O of the Baſe FGHI 
of che Conical Glaſs, with the Diſtances K1, K2, K;, 
K4z, Circumferences of Circles, which will repreſent 
thoſe of the Prototype ABCD; and of which the 
greateſt ought ro be divided after the ſame manner 
into as many equal parts as the Circumference ABCD; 
in 


ji 
ll 


4 
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The Magical cal Lantern, ſo call'd, becauſe by means of it we 1 


Lantern, 
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in order todraw from the Center O to the Points of 
Diviſion, Semidiameters, which will give upon the 
Horizontal Plain as many little difform Spaces as in 
the Protorype ABCD; into which by Conſequence FT 
you may transfer the Figure of the Prototype, and 
ſo twill be extreamly diſguis'd upon the Horizontal 
Plain; and yer appear by Reflexion in its juſt Pro- 
portions upon the Surface of a Conical Glaſs placed 
upon the Circle FGHI, when the Eye is placed Per- * 


. pendicularly above the Center O, and diſtant from the 


Center O the length of the Line KN. 1 
To avoid Miſtakes in transferring what you have 
in the Prototype ABCD to the Horizontal Plain, 
obſerve that what is remoteſt from the Center ought 
to be neareſt the Baſe FGHI of ahe Conical Glaſs, 
as you ſee by the ſame Letters, a,Megd, e, f, g, b, of 
the Horizontal Plain and of the Prototype, The 
ſame thing is to be obſerv'd with reſpect to a Cylin- 
drical Glaſs, as you ſee by the fame Letters 4, b, e, d, 
of rhe Horizontal Plain and of the Prototype, in the 
Curt annex'd to the foregoing Problem. - 7 


PROBLEM XXVIII. 


To deſcribe an Artificial Lantern, by which one may read 1 * 
at Night at a great diſtance. 1 


5 


Make a Lantern in the Form of a Cylinder or of a 
ſmall Cask laid on one fide ; put in one of its 
two ends a Concave Parabolick Gla(s, in order to 
apply to irs Focus the flame of a Wax-Cagdle, the | 
Light of which will reflect ro a great diſtance in 
paſſing through the other End that ought ro be open, 
and will appear with ſuch a Splendour, that by it one 
may read at Night very ſmall Letters at a great di- 
ſtance, with Teleſcopes ; and thoſe who ſee the ligllt 
of the Candle at a great diſtance, will take it ro be 
a great Fire, which will be ftill the lighter if the RE 
Lantern is tinn'd within, and made in the form of 
an Elly pſis. | 
We likewiſe make uſe of ſuch a Glaſs for a Magt- 


ws A a © 


can make any thing appear on the white Wall — L 2 
ars 
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dark Room; ſuch as Monſters and fearful Appariti- 
ons, which the Ignorant impure ro Magick. The 
= Light reflected by vertue of this Glaſs paſſes through 
2 Hole in the Lantern, in which there's a Lens of 


PROBLEM XXVIII. 


7 By the means of two plain Looking-Glaſſes to make 4 
1 Face appear under different Forms. jo 


| 4. 0 

4 4 Aving placed one of the two Glaſſes horizontal- 
e ly, raiſe the other ro about Right Angles over 
1 the firſt; and while the two Glaſſes continue in this 
Poſture, if you come up to the Perpendicular Glaſs, 
yvou'll ſee your Face quite deform'd and imperfect ; 
for *rwill appear without Forehead, Eyes, Noſe or 
Ears, and nothing will be ſeen but a Mouth and a 
Chin rais'd bold. Do but incline the Glaſs never 
ſo little from the Perpendicular, and your Face will 
appear with all its parts excepting the Eyes and the 
= Forehead. Stoop it a little more, and you'll ſee two 
Noſes and four Eyes; and then a little further, and 
you'll ſee three Noſes and fix Eyes. Continue to in- 
e 4 = cline ir ſtill a little more, and you'll ſee nothing but 
n two Noſes, two Mouths and two Chins; and then a 
„ little further again, and you'll ſee one Noſe, and one 
e Mouth. At laſt incline a little further, that is, till 
the Angle of Inclination comes to be 44 Degrees, and 


your Face will quite diſa 
e Ik you incline the two Glaſſes the one towards the 
e other, you'll ſee your Face perfect and intire ; and by 


the different Inclinations, you'll ſee the Repreſentati- 
| — — your Face, upright and inverted alternate- 
7. Oc. ; 


PR O- 
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! Be PROBLEM XXIX. 


Zy the means of Water to make a Counter appear, that ; 
while the Veſſel was empty of Water was hid from the 
» 
a 


Eye. * 


| Te an empty Veſſel and put a Counter in it ar | 
8 ſuch a diſtance from the Eye, that the height of the 
1 fides of the Veſſel keeps it hid; you may make the Eye to 
Wl : {ee this Counter without altering the place of either the 
"8 Eye, the Veſſel or the Counter, viz. by pouring Water in- 
| ro it; for as Sight which is perform'd ina ſtraight Line, 
1 do's upon encountring a thicker Medium refract towards 

| a Perpendicular, ſo in this cafe the Water pour'd into 
1 the Veſſel being a thicker Medium than the Air, Will 
1 make the Rays darted from the Eyes to refract towards 
JF the Line thats Perpendicular to its Surface; and ſo the 
| | Eye will fee the Counter at the bottom of the Veſſel, 
which without that Refraction could not be ſeen, 


* 


y 


. . PROBLEM XXX. | 


To give a perfect Repreſentation of an Iris or Rainbow up- q 
on the Cieling of a dark Room. © 


—_— — 2 — * _ 8 


angular Priſm, which the Artiſts call barely a Tri- 
i} angle, and which, as all the World knows, gives the ap- 
1 pearance of divers Colours when applied to the Noſe, .Þ 
1 and makes the Objects appear inveſted with Colours 
| | | f like unto thoſe of the Ira or Rainbow. Now, if you place 
it ſach a Priſm in your Chamber Window, when the 
n Sun ſhines upon it, the Rays of the Sun paſſing thro 
1 the Triangular Glaſs, will form upon the Cieling of 
the Room a Rainbow; which will be a pretty Sight, 
eſpecially if the Cieling of the Room is done Arch- 7 
wiſe ; for that will make the Figure round, and like un | 

to the natural Rainbow in the Clouds, 4 


| FOR ching this Problem, you muſt take a Tri- 
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| IALLING is the pleaſanteſt Parr of the 
Mathematicks, but is grounded upon a pro- 
found Theory, which is not fir for Mathemati- 
cal Recreations; ſo that our preſent Province calls on- 
ly for the eaſieſt and moſt diverting Problems. 


PROBLEM I. 


To deſcribe an Horizontal Dial with Herbs upon 4 
Parterre. 


You may make an Horizontal Dial of Plants upon 
a Parterre, after the uſual manner, by marking 
the Hour-lines with Box or otherwiſe ; and putting in 
the room of a Cock or Gnomon ſome Tree planted 
ſtraight upon the Meridian Line, which by its Shadow 
will point to the Hours as inthe ordinary Sundials. Bur 
inſtead of a Tree, one may take his own Heighth for 
the Style, planting himſelf upright ar the Place mark'd 
upon the Meridian Line, | 
| You may likewiſe lay down ſuch a Dial by a Table 
of the Altitudes of the Sun, or a Table of the Verticals 
of the Sun, or elle after the following manner. 

Thro the Point A taken at diſcretion upon the Hori- 
zonral Plain, draw the Meridian Line BO; and from 
the ſame Point A deſcribe at pleaſure the Circle 6B6C ; 
divide the Circumference off that Circle into 24 equal 
Parts, from 15 to 15 degrees, for the 24 Hours of the 


natural 
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natural Day, beginning from the Meridian BC; then 
joyn the two oppoſite Points that are equally remote 


from the Meridian by ſtraight Lines parallel to one ano- 


ther and to the Meridian BC, or perpendicular to the 
Diameter 6, 6, which determines upon the Circle the 
Points of 6 a- clock at Night and 6 in the Morning. 
Upon each of theſe parallel Lines mark the Points 
of the Hours which will fall upon the Circumference 
of an Ellypſis after the following manner. At the Cen- 
ter A with the Line As make the Angle 6AD of the 
Elevation of the Pole (here ſuppoſed to be49 degrees 
for Paris;) and rake the perpendicular Diſtance be- 
tween the Point 6 and the Line AD, upon the Meri- 
dian BC on each fide the Center A to 12 and 12: 
Take likewiſe the perpendicular Diſtance between the 
Point I and the ſame Line AD, upon each of rhe rwo | 
Parallels neareſt to the Line BC, from E and K, on 
eack fide, to 1 and 12; and in like manner the per- 


pendicular Diſtance between the Point H and the ſame 


Line AD, upon each of the two Parallels next to the 5 
laſt mention d, from F and L on each fide to the Points 
2 and 10, and ſo throughout the reſt. 


This done, mark the beginning of each ſign of the Zo- 'B 


diack which anſwers to about the 2oth Day (N. S.) of 1 
each Month ; mark it, I ſay, on each fide the Center 4A 


(which repreſents the beginning of J and = ) upon 2 | 


the Meridian Line BC, after the following manner. "I 
At the Center A make with the Meridian AB the 
Angle BAM of the Elevation of the Pole, the Line Ax 
being perpendicular to the Line AD. Take the Arch 
DN equal to the Declinarion of the Sign you are about 
to mark, as 23 degrees and a half for ꝙ and VS ; 20 
degrees and a quarter for r, NM, and for , 7, agd 
11 degrees and a half for 5, M, and for , M. Draw 
from the Point N the Line NP parallel to the Line AT), 
and the Line NQ parallel to the Line A6, and lay out 
the Part Ari2 from P to the Line NQ at R, ſo that 
the Line PR may be equal to the Part Alz, or to the 
perpendicular Diſtance of the Point 6 from the Line 
AD, and the Part OP terminated by the two Lines 
A6, AM, will be the Diſtance of the Sign propos d 
from the Center A, which repreſents the two Equino- 
ctial Points. | 
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The Dial being thus drawn with irs Ornaments, you 
may know the Hours upon it by the Rays of the Sun, 
provided you place your (elf about the degree of the 
current Sign of the Sun; with this difference, that, 
whereas in the Horizontal Dial the Cock is determin d 
to a certain ſize, here it may be of what ſize you will; 
and indeed it ought to be a little long, becauſe if it be 
ſhort the Shadow may in Summer prove ſo ſhort as not 
to reach ro the Hour-Points mark'd upon the Parallels. 
If you deſign to make uſe of your own Heighth for a 
Gnomon, you muſt not deſcribe roo large a Circle 
round the Center A, for fear the Hour-Poiars ſhould be 
too remote. 


PROBLEM II. 


To deſcribe an Horizontal Dial, the Center of which and 
the Equinoftial Line are given. 


I ET the given Center be A and the EquinoCtial Line Plate x. Fig, 
BC. Draw thro the Center A the Line AD per- 

pendicular ro BC, for the Meridian Line. Deſcribe 
upon the Line AE the Semicircle AEF; upon which 
take the Arch EF equal to the double of the Elevation 
= of the Pole (for example 98 degrees for Paris, where 

= the Pole is elevated about 49 degrees.) From the Point 
E deſcribe thro the Point F the Circumference of a 
Circle, which .,will give upon the Equinoctial BC the. 
Points G, H, of 3 and 9 Hours, and upon the Meri- 
dian AD the two Points I, D, each of which may be 
taken for the Center Diviſor of the Equinoctial BC, 
upon which you are to mark the Points of the other 
Hours after the following manner. 

Ser the Compaſſes with the Aperture or Extent 
of EF, upon the Circumference of the Circle deſcrib'd 
from the Center E; ſer em, I ſay, from the Points G and 
H to K and L, and from I on each fide to M ard N; 
and draw from the Point D, thro the Points K, L, M, N, 
the ſtraight Lines which upon the Equinoctial BC will 
mark the Points O, P, Q, R, for 1,11, 2 and 1o Hours. 
If you ſer the Compaſſes with the ſame exrent EF, 
from M and N. to the Points S and T upon the Equi- 
noctial BC; you have in S = Point of 4, and in T 


* ens WS e T7: >: ww — ere 


the 


258 Mathematical and Phyſical Recreations, 


the Point of 8. At laſt ſer your Compaſſes with the ſame 
Aperture EF from the Points S, T, twice to the Right 
and Left upon the ſame Equinoctial Line BC, and you 
have the Points of 5 and 7 which are our of the Plain 
of the Dial, Oc. 


PROBLEM III. 


To deſcribe an Horizontal Dial by the means of a Qua- 
drant of a Circle. 


] Suppoſe the Quadrant of a Circle is divided into 

go degrees as ABC, within which you muſt draw 
the Line DE perpendicular to the Semidameter AB, 
or parallel to the other Semidiameter AC ; which may 
be diſtant from A the Center of the Quadrant, more 
or leſs, according as you wou'd have your Dial larger 
or ſmaller. That Line DE will be unequally divided 
by the ſtraight Lines drawn from the Center A ro the 
Points at every 15 degrees which repreſent the Hour- 
Points of the Equinoctial Line of the Horizontal Sun- 
dial ro be drawn as followeth: 

Draw upon the Horizontal Plain the Meridian Line 
FG,and having taken there at pleaſure the Point F for the 
Center of the Dial, take from that Center upon the Meri- 
dian FG, the Part FH equal to the Part Al terminated by 
the Line DE upon the Line of the Elevation of the Pole, 
which we here ſuppoſe to be 30 degrees, computing 
from C; then draw thro' the Point H the Line KL 
perpendicular to the Meridian FG, and that Line KL 

mall be taken for the Equinoctial Line; upon which 
| you are to transfer or lay down from H on each fide 
| the diviſians of the Line DE beginning from D, in 
L . order to have the Hour- Points. thro which you are to 
| draw from the Center F the Hour-Lines, c. 
| It you deſire to find the Root and Length of the Gno- 
4 mon, draw in the Quadrant from the Point D which 
repreſents the end of the Gnomon, the Line DO per- 
pendicular to the Line AI of the Elevation of the Pole, 
which repreſents the Meridian Line of the Horizontal 
Dial; and make HM equal ro AO, or FM equal to 
IO; and fo you have in M the Foot of the Gnomon, 
the Length of which is equal to the Perpendicular DO, 


for the Point I repreſents the Center of the Dial. 
: PR O- 


Pllate 2. Fig. 
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p R OB L E M IV. 


To deſcribe an Horizontal Dial, and a Vertical South Dial, 
by the means of a Polar Dial 
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IF the Polar Dial is ſuppoſed in a Plain parallel to a Plate 3. big: | 


Circle of fix Hours, ſo that the Equinoctial Line AB“. 


is perpendicular to the Meridian Line CD, and to all 
the other Hour-Lines which are parallel one to another 
and ro the Meridan : Ar the Point E of 9 Hours upon 
the Equinoctial, make with the ſame Equinoctial AE 
the Angle AEF of the Complement of the Elevation o 
the Pole ; and thro the Point F where the Line EF cuts 
the Meridian CD, draw GH perpendicular to the ſame 
Meridian CD, which Perpendicular will be cut by the 
Hour-Lines of the Polar Dial at certain Points, thro 
which you are to draw to the Center C the Hour-Lines 
of the Horizontal Dial ; and this Center C is found 
upon the Meridian CD by taking the Line FC equal to 
the Line EF. 

If from the ſame Point E you draw the Line EI per- 

ndicular to the Line EF, or, which is the ſame thing, 
if at the Point E you make the Angle AEI of the Eleva- 
tion of the Pole upon the Horizon, and thro the Point 
I, where the Line EI cuts the Meridian CD, draw the 
Line KL perpendicular to the Meridian or parallel ro 
the Equinoctial ; that Line KL which repreſents the firſt 
Vertical, will be cut by the Hour-Lines of the Polar 
Dial at Points, thro which you are to draw to 


the Center D the Hour-Lines of the South Vertical 


Dial, that Center D being found in like manner ( as 
above) upon the Meridian CD, by making the Line 
ID equal to the Line IE. | 
Take notice thar the Axis CM of the Horizontal 
Dial is parallel to the Line EF, and in like manner the 
_ DN of the Vertical Dial is parallel to the Line 
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PROBLEM V. 


To deſcribe an Horizontal Dial and a vertical South Dial, 
by the means of an Equinoctial Dial. | 


F the Equinoctial Dial is 1 to be deſcrib d up- 
on a Plain parallel to the Squator, ſo that the Line 
of 6 Hours AB is perpendicular to the Meridian Line 
CD; make at the Point E taken at diſcretion upon the 


Line of 6 Hours AB, the Angle AEF of the Elevation 


of the Pole; and thro the Point F where the Line EF 
cuts the Meridian CD, draw GH perpendicular to the 
Meridian CD; which Perpendicular will be cut by the 
Hour-Lines of the Equinoctial Dial in Points, thro 
which you're to draw the Hour-Lines of the Horizontal 
Dial from the Center C. This Center C is found by 
taking FC equal to the Line EF. 

For the Vertical Dial, draw from the ſame Point E, 
the Line EI, perpendicular to the Line EF ; or, which 


is the ſame thing, make at the Point E the Angle AEI 


of the Complement of the elevation of the Pole; and 
thro the Point I, where the Line EI cuts the Meridian 
CD, draw KL parallel to the Line of fix Hours AB ; 
which Parallel will be cut by the Hour-lines of the 
Equinoctial Dial that come from the Center O, in Points 
thro which you are to draw the Hour-lines of the Ver- 
tical Dial, from its Center D; this Center being found 
by taking ID upon the Meridian CD, equal to EI. 

You'll obſerve, that the Axis CM of the Horizontal 
Dial is parallel ro the Line EI, and that the Axis DN 
of the Vertical Dial is parallel to the Line EF. 


PROBLEM VI. 


To deſcribe a Vertical Dial upon a Pane of Glaſs ſo as to 
denote the Hours without a Gnomon. 


I Once made ſuch a Dial for a Friend after the fol- 
lowing manner. | | 

I rook off a Pane of Glaſs that was ſoldered on the 

out- ſide to the Frame of a Window, and calculating 

the Thickneſs of the Frame for the Gnomon, had the 

Pane 
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Pane glew'd on again to the in ſide of the Frame, al- 
* Joting to the Meridian Line a Situation 3 


to the Horizon, as it ſhould be in Vertical Dials, and 
on the out- ſide I caus d to be gle d to the Frame op- 
poſire co the Dial, a ſtrong piece of Paper un- oil d, 
that ſo the Rays of the Sun might penetrate it the leſs, 
and keep the Surface of the Dial darker. Then to 
diſtinguiſh the Hours without a Style, I made a little 


Hole in the Paper with a Pin, over-againſt the Foot of 


the Style mark d upon the Dial: And thus the Hole 
——_—_— the tip or end of the Style, and the Rays 
of the Sun paſſing thro it, caſt upon the Glaſs a (mall 
Light that pointed out the Hours very prettily in the 
obſcurity of the Dial. 


PROBLEM VII. 


To deſcribe three Dials upon three different Plains, deno- 
ting the Hours of the Sun, by only one Gnomon. 
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PRepare two Rectangular Plans ABCD, BEFC, of pute 4. Fig: 


an equal breadth BC; join them by that Line BC 6. 


which ſhall repreſent their common Section, fo that 
they make a right Angle; and for that reaſon, the one 
ABC being taken for an Horizontal Plain, the other 
BEFC may be taken for a Vertical Plain. 

This done, or rather before you join the two Plans, 
divide their common breadth BC into two equal Parts 
at the Point I; and to that Point I draw in the Plain 
ABCD the Line GI perpendicular to the Line BC, 
and in the Plain BEFC draw the Line Hl perpendicu- 
lar to the ſame Line BC: And then each of the two 
—— Hl, Gl, ſhall be taken for the Meridian of its 

in. 

Naw, taking the Plain ABCD for an Horizontal 
Plain, deſcribe'an Horizontal Dial upon it, the Center 
of which G may be taken at pleaſure upon the Meri- 
dian GI; and upon the other Plain BE FEC deſcribe a 
Vertical South Dial, of which the Center H will be 
found upon the Meridian HI by means of a right - an- 
gled Friangle GIH, the Angle IGH being equal to the 
Elevation of the Pole. This Triangle GHI the right 
Angle of which is in I, ought to be made of ſore 
E S 3 ſtrong 
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ſtrong Subſtance, that it may be applied to the Plains, 
ſo as ro keep them in the right Angle, as you ſee in the 
Figure; and then the Hypothenuſe GH may ſerve for 
an Axis to the Horizontal Dial of the Plain ABCD, 
and to the verrical Dial of the Plain BEFC. 

Theſe two Plains ABCD, BEFC being thus join'd 
and derain'd in that poſition by the third Triangular 
Plain GIH ; draw from I the right Angle of that third 
Plain, the Line IO perpendicular to the Axis GH; 
and with thar IO as a Radius, make a round fourth 
Plain KLMN, with its Circumference divided into 24 
equal parts, in order for an Equinoctial Dial, both ſu- 
perior and inferior, ſo that the Hour-lines of the one 
may anſwer to the Hour-lines of the other. 

This Plain KLMN ought to be cut on the inſide as 
the Circle of a Sphere, and ſlit along the Meridian that 
by that Slir it may fit the Triangular Plain GIH upon 
the Line IO, the South Point K touching the Point I; 
in which caſe the Axis GH will paſs thro the Center 
P of the Equinoctial Dial, and be perpendicular to its 
Plain, and conſequently will likewiſe be the Axis of that 
Dial; the Plain of which being turn'd direct South, 
ſo that the Center G points exactly South, which will 
be parallel ro the Æquator, and then the Shadow of the 
common Axis GH, will ſhew the Hours by the Rays of 
the Sun upon each of the three Dials, excepting the 
time of the Equinoxes, at which time "twill only ſhew 
em in the Horizontal and Vertical Dials. 

To turn the Center G of the Horizontal Dial di- 
rectly South, lo, that the Meridian Line of each of 
theſe Dials may be in the Plain of the Meridian, and 
that the Axis GH may anſwer to the Axis of the World; 
you may make uſe of a Compaſs with the declina- 
tion of the Magnet mark'd in it. Or elſe, you may 
mark the Points of the beginning of each Sign of the 
Zodiack, on the Axis GH on each ſide of O, which 
repreſents the Equinoctial Points, or the beginnings of 
and S according to the declination of the Signs, 
making at the Point, with the Line IO, Angles equal 
to that Declination : For thus, by giving the Plain 
ABCD an Horizontal Situation, and turning it till the 
Shadow of the Circumference KLMN falls upon the 
degree of the Sign current of the Sun, the Center G 
will point directly South, and each Meridian = 

| wW 
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will lie in the Plain of the Meridian Circle. I do not 
fay, that the North Signs are to be mark'd from O to 
G; for thoſe who underſtand the Sphere, know that 
in our Zone the Point G repreſents the North Pole. 


PROBLEM VII 


To draw a Dial upon an Horizontal Plain, by means of 
two Points of a Shadow mark'd upon that Plain at the 
times of the Equinoxes. 


the Equinoctial Line; and that the Error may be leſs 
ſenſible, the two Shadow- points muſt not be far diſtant 
one from another, becauſe the declination of the Sun 
changes ſenſibly round the Equinoxes; and at the 
ſame time they muſt not be too near, neither, becauſe 
"tis difficult to draw an exact ſtraight Line between 
two Points that lie too cloſe together. 

Having thus drawn the Equinoctial Line BC, draw 
by the foot of the Style A the Line GD perpendicular 
to it, and that will be the Meridian Line, upon which 
you muſt mark the Center D of the Æquator, and the 
Center G of the Dial, afcer the following manner. 
Having drawn by the foot of the Gnomon A, the Line 
AF perpendicular to the Meridian Line or parallel to 
the Equinoctial Line, and equal ro the Gnomon, joyn 
the Radius of the Æquator EF, and rake upon the 
Meridian the Line ED equal to EF ; then D will be the 
Center of the Æquator; and if you draw from the Point 
Fthe Line FG perpendicular to the ſame Radius of the 
Æquator EF, you have upon the Meridian Line the 
Center of the Dial at the Point G. : 

It remains only to mark the Hour-points upon the 
Equinoctial BC, which may be done by Probl. 2. or 
elle thus: Having deſcrib'd from D the Center of the 
Aquaror, with what extent of the Compaſſes you will, 
the Semicircle HEI, and divided irs Circumference in- 
to 12 equal parts, from 15 to 15 degrees; draw from 
the ſame Center D to the Points of Diviſion as many 
ſtraight Lines, which being 1 will give upon 
the Equinoctial Line BC _ oints of the Hours, 0 

3 , 
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FF the two Points of the Shadow are B, C ; join Plate 4. Fig. 
them by the ſtraighr Line BC, which will repreſent 7: 
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theſe in like manner the quarters, and ſo on. 
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Or, an eaſier way may be this; Take upon the 
Equinoctial Line from the Point E, on each fide of it, 
a Line equal to the Radius of the Æquator EF, ex- 
rending from E to the Points of 3 and 9 a Clock; 
then take the diſtance of theſe two Points, and lay it 
from D on each fide, ro the Points of 4 and8; and 
again from theſe Points, on each fide, to the Points 
of 5,11, 1 and 7: For thus you'll have all the hour 
Points upon the Equinoctial, excepring thoſe of 2 and 
ro, which you'll find by dividing the diſtance of 4 and 
8 into three equal parts, or thus. 

You'll obſerve that the diſtance between the South 
Point E. and the Point of 4 or 8 hours upon the Equi- 


noctial Line, is the half of the Diſtance between the 
Points of 1 and 5, or the Points of 11 and 7; and 


that the Diſtance between the the Points of 2 and 9, 
or to and 3, is the half of the Diſtance between the 
Points of 2 and 5, or 10 and 2; and Conſequently 
that the Diſtance between the Points of 2 — 9, or 
10 and 3, is equal to the third part of the Diſtance 
between the Points of 5; and 9, or 3 and 7. Whence 
it follows that the Points of 2 and 10 may be found, 


otherwiſe than as above, by dividing the Diſtance of 75 


Points of 5 and 9, or 3 and 7, into three equal 
Parts. 


If beſides the hour Points of the Equinoctial Line 
BC, yon would have the half-hour Points, divide tale 


Semicircle HEI into twice as many equal Parts, 1. e. 
into 24 equal Parts, and for the quarter Points into 
48, and ſo on or again; to find the half-hour Points, 
ſer one Point of the Compaſſes upon the hour Points 
of the Equinoctial Line BC that fall in odd Numbers, 
Namely, thoſe of 1, 11, 3,9, 5, and 7, and extend 
the other Points to the Center of the Æquator D; 
and ſo you have the Intervals or Extents, being taken 
from the ſame hour Points, on each ſide, upon the 
Equinoctial Line, will give the half- hour Points; and 
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PROBLEM IX 


To draw 4 Dial upon an Horizontal Plain, in which the 
Points of 5 and 75 4 Clock are given upon the Equi- 
noctial Line, 


T happens oftentimes that by taking too long a Gno- 
mon with reſpect to the Breadth of the Plain, the 
Points of 5 and 7 upon the Equinoctial Line fall our 
of the Plain, and ſo the Dial can't be Compleat. 
"Twill therefore be proper to determine theſe two 
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Points, as A, B, upon the Equinoctial the middle Point 
the South — 882 
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Having drawn through the South Point O the Me- 
ridian Line E Perpendicular to the Equinoctial BC, 
you muſt firſt find the Center D of the Aquator up- 
on the Meridian DE; and by that the Center of the 
Dial I, in order to draw the Hour-lines through the 
Points that you're to mark upon the Equinoctial Line 
AB, as in the foregoing Problem, by means of the 
Center of the Equator D, which we ſhall here ſhew 
you how to find three different ways. 


The fiſt Me. Having deſcrib'd from the South Point O, through 


thod for the Points, A, B, of the hours 5 and 7, the Semicircle 
— AFB, and having drawn from the Point A through 


Zquator. the ſame Point O, the Arch of a Circle OF; divide 


The ſecond 
Method. 


i 


the Arch AF into two equal Parts at the Point G, and 
draw the ſtraight Line BG, which will give you the 
Meridian Line DE, the Center of the Equator D. 

Having drawn as above, the Semicircle AFB, 
and the Arch of a Circle OF, deſcribe from the Point 
B through the Point F the Arch of a Circle FH, and 
the Line OD cqual to the part AH, and ſo you make 
have D for che Center of the Æquator. 

Deſcribe from che Points A and B, of the Hours of 
5 and 7, with the Aperture of the Compaſſes equal 
ro the diftance AB, rwo Arches of Circles, which here 
cur one another upon the Meridian at the Point E; 
and from that Point E deſcribe, with the ſame extent 
of rhe Compaſſes, rhe Arch ADB, which gives upon 
the Meridian DE the Center of rhe Æquator D. 

To find the Center of the Dial, make at the Cen- 
ter of the Æquator, the Angle ODC of the Comple- 
ment of the elevation cf the Pole, and upon the Me- 
ridian DE take Ol equal to the Line CD; and that 
Point I will be the Center of the Dial, where all the 
Hour: lines are to meet. 

If you want to find the foot and length of the Gno- 
mon; having drawn upon the Line Ol the Semicircle 
OkKkl, rake the length of OD upon its Circumference, 
from O to K; and draw from the Point K the Line 
KL perpendicular to the Diameter Ol, in order to 
have in L the foot or root of the Style, the length of 
which will be the Perpendicular LK. | 

'Tis evident, that the Line OK is the Radius of 
the Xquator, and the Line IK repreſents the Axis of 
the Dial, ſo that the Angle LIK is equal to the Elevati- 
on of the Pole, PR O- 
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PROBLEM X. 


A Dial being given, whether Horizontal or Vertical, to 
find what Latitude 'tis made for, after knowing the 
. length and root of the Gnomon, 


IN the firſt place, if the Dial is Horizontal, draw by plate 4; 
the root of the Gnomon A, the Line AF equal to big. 7. 
the Gnomon and Perpendicular ro rhe Meridian ; 

and from G the Center of the Dial to the Point F, the 

Line FG which will repreſent the Axis of the Dial, 

and make with the Meridian the Angle FGA equal to 

the Latitude ſought for, 

The ſame is the method for finding the Latitude of 
a South or North Vertical Dial, that do's not decline, 
which is known when the Meridian Line paſſes thro' 
the root of the Gnomon, and then the Angle made 
by the Axis of the Dial with the Meridian, will be 
the Complement of the elevation of the Pole, for 
which the Dial was made. 

If the Vertical Dial looks directly Eaſt or Weſt, 
ſo as to be Meridian, which is known when the hour 
Lines are Parallel one to another; meaſure the Angle 
made by one of theſe Hour- lines with the Horizon- 
ral Line or any other Line Parallel to the Horizon- 
tal, and that Angle will be the elevation of the Pole in 

ueſtion. 

It the Vertical Dial declines, which is known plate 5; 
when the Meridian Line do's not paſs by the root of Fig. 5. 
the Gnomon, as AH, which do's not paſs by the Root of 
the Style C; draw through the Point C the Horizon- 
tal Line FD Perpendicular to the Meridian AH, which 
runs ſtraight down or Perpendicular in all Vertical Di- 
als; and the Line CE Parallel to the Meridian AH 
or perpendicular to the Horizontal Line FD and equal 
to the Gnomon. Then take the length cf the Hypo- 
thenuſe EB, (which may be call'd the Line of De- 
clination, fince the Angle CEB is the declination of 
the Plain) upon the Horizontal Line from B to D, 
from which to the Center of the Dial A draw the 
ſtraight Line DA, which with the Horizontal Line FD 
will make at the Point D, the Angle BDA, thequan- 
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tity of which will denote the Latitude or the Elevation 
of the Pole for which the Dial was calculated. 

If you would know the Elevation of the Pole up- 
on the plain of the Dial, that is how many degrees 
the Pole is elevated above the Horizon, to which the 
Plain of the Square is parallel; draw the Subſtylar 
Line AC, and deſcribe from C the root of the Gno- 
mon, with rhe Aperture CE the Arch of a Circle; 
aud another Arch upon the Center of the Dial A with 
the Interval AD; and ſo you have G the Point of 
the common Section of the two Arches; from which 
draw to the Center A the Axis of the Dial AG, which 
with the Subſtylar AC will make the Angle CAG of 
the Elevation of the Pole. 7 

If you would likewiſe know the difference of rhe 
Meridians of the Horizon of the Place, and the Ho- 
rizon of the Plain, that is, the difference of Longi 
rude” berween that of the Horizon for which the Di- 
al was made, and that of the Hor:zon Parallel to the 
Plain of the Dial; having prolong'd the Subſtylar AC 
to L, draw from the Point F the Section of the Line 
of fix hours and the Horizontal Line, the Line ERK 
1 to the Subſtylar, which Perpendicular 

will be the Equinoctial Line; then take the length 
of 18 the Radius of the Æquator, upon che Subſty- 
lar, from I ro L, where the Center of the Æquator 
will fall. From this Center L to the Point M the 
Section of the Meridian and Equinoctial Lines, draw 
the Right Line LM, which wich the Subſtylar AC, 
will make the Angle CLM, and that gives the diffe- 
rence of Longitudes. 

The Center of the Dial A being here above the 
Equinoctial Line, we know that the Plain of the Dial 
declines from the South to the Eaſt, becauſe the Root 
of the Gnomon C is between the Meridian Line and 
the Morning hours, or thoſe before Noon. We know 
likewiſe, that at the time of the Equinoxes, the Dial 
will be illuminated by the Sun at three in the After- 
noon, becauſe the Line of the hour of three being 
prolong d, do's not cut the Equinoctial Line on the 
Afternoon fide. In fine, we know that at all rimes the 
Plain of the Dial is not ſhone'upon by the Sun at thoſe 
hours, the Lines of which in the Dial do not cut the Ho- 
riz-nral Line on the fide of the ſame hours. | 
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| PROBLEM XI. 

; To find the Root and length of a Gnomon in a Vertical 
a declining Dial. ; 
r 

. IF a Vertical declining Dial is drawn upon a Wall 


without a Gnomon, or any mark for its place or 
for the Point calculated for its Root, you may find 
the Root and length of the Gnomon, thus. 

If you prolong the Meridian Line BH and any o- 
ther hour Line, you have upon that Meridian the Cen- 
ter of the Dial, as A, where you'll have the Angle 


, tt re TY, ee We 


by vertue of the Horizontal Line FD, drawn through 
the Point B taken at diſcrerion upon the Meridian AH, 
and perpendicular to the ſame Meridian; which Ho- 
rizontal Line FD cuts the Line AD ar D. 

This done, draw from the Point D the Line DM 
perpendicular ro AD, which Perpendicular will give 
upon the Meridian AH the Point M ; through which 
and the Point F of fix hours upon the Horizontal 
Line, you're to draw the Equinoctial Line FK, and 
from the Center A the Line AL Perpendicular ro FK ; 
ard this AL will repreſent the Subſty lar Line, and ſo 
give upon the Horizontal FD the Root of the Gno- 
mon at C. 

Te find the length of the Gnomon, draw from its 
Root found C, the Indefinite Line CE Perpendicular 
to the Horizontal FD, and deſcribe from the Point B 
through the Point D, an Arch of a Circle, which will 
determine upon the Perpendicular CE the length of 
the Gnomon ſought for ; and by that you may know 
the declination of the Plain, repreſented by the Angle 
CEB, the Elevation of the Pole upon the Plain repre- 
ſented by the Angle CAG, and the difference of Longi- 
rudes repreſented by the Angle ILM, as we ſhew'd in 
the foregoing Problem. 

Sometimes you have not the point F of fix hours u 
the Horizontal Line, viz. when the Declination of the 
Plan is very ſmall ; and ſo you can't draw the Equi- 
noctial Line FK. In this caſe you may draw that 
Line by the Point M, by making with the W 
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BH the Angle BFM to be found by the Declination 
of the Plain, and the Elevation of the Pole, by the 
following Analogy. 


As the Sine Total, 
To the Sine of the Declination of the Plain 
So # the Tangent of the Complement of the Elevati- 17% 
on of the Pole. "Bad 
To the Tangent of the Complement of the Angi 
demanded. 


Thoſe who underſtand Trigonometry, knowing the 
Declination of the Plain and the Elevation of the Pole, 
will readily find by the three following Analogies 7) 


the difference of Longitudes, and the Elevation of che! 
Pole upon the Plain. 


0 . 9 
ä > * =. 
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As the whole Sine, 
To the Sine of the Declination of the Plain 
So is the Tangent of the Elevation of the Pole a0 
the Horizon, q 
To theTangent of the Complement of the Angle i} 4 
the Line of ſix hours with the Meridian, 
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As the Sine Total 
To the Sine of the Elevation of the Pole upon -* 
Horizon; 
So is the Tangent of the Complement of the Decl. 
nation of the Plain 1 
To the Tangent of the Complement of the di Herena 1 
of Longitudes, Wo 


be a 


As the whole Sine, £50 

To the Sine of the Complement of the Decl. Bot 

tion of the Plain; th, 

$o # the Sine of the Complement of the Rlevarien of 5 

the Pole upon the Horizon, 1 
To the Sine of the Elevation of the Pole upon the Plain. 


If yon can't have the Center of hs Dial, which 
may happen when the Elevation of the Pole is very 
great, or when the Plain declines much, which will x 
binder you to know the Declination of the _— and 

erer- 
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determine the Root and Length of the Gnomon by the 
foregoing Metbod; in this caſe meaſure the Angle of 
the Line of fix Hours with the Horizontal Line; and 
by means of that Angle, and the Elevation of the Pole, 
= you may know the Declination of the Plain, by this 
= Analogy, 


As the whole Sine, 
I To the Tangent of the Complement of the Eleva- 
= tion of the Pole; 
So is the Tangent of the Angle of the Line of ſix 
Hours with the Horizontal, 
To the Sine of the Declination of the Plain. 


in RE The Declination of the Plain being thus known, 
be deſcribe round the part FB terminated by rhe Line of 
ſix Hours and the Meridian, the Semicircle FEB; then 
tanke from F the Arch EF equal to the double of the 
== Complement of the Declination of the Plain; and 
draw from the Point E the Line EC perpendicular ro 
bon; the Horizontal FD, which Perpendicular EC gives 
the — of the Gnomon, and determines its Root 
at CG 
1 If you want to draw by the Root of the Gnomon 
found C, the Subſty lar Line, draw firſt the Equinocti- 
gal Line EK from the Point of fix hours F, making 
tue, wich the Horizontal Line FD the Angle found by this 


Analogy, 
cli | 
hy As the whole Sine, 
ne To the Sine of the Declination of the Plain; 


22 So is the Tangent of the Complement of the Eleva- 
== ton of the Pole, 
us To the Tangent of the Angle demanded, 


= If from the Root of the Gnomon C. you draw the 
Line CL Perpendicular ro the Equinoctial Line FK, 
the Perpendicular CL will repreſent the Subſtylar Line; 
which may likewile be drawn by making with the 

Horizontal FD, at the Point C, the Angle found by 
this Analogy, 


As 
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As the whole Sine, ; 
To ge Sine of the Declination of the Plain; 
Sy/is the Tangent of the Complement of the Ele- 
vation of the Pole, 
To the Tangent of the Complement of the An- 


gle propos d. 


or elſe take upon the Horizontal Line FD, BD equal 
to BE; and at the Point D make the Angle BDM of 
the Complement of the Elevation of the Pole upon the 
Horizon, in order to have upon the Meridian the 
Point M, through which and the Point F of fix hours 
you're ro draw the Equinoctial Line FM, and from 
the Point C the Line CL perpendicular ro the Equi- 
noctial ; and that Perpendicular is the Subſtylar in- 
quir'd for. - 


PROBLEM XII. 
To deſcribe 4 Portable Dial in a Quadrant. 


O deſcribe a Portable Dial in the Quadrant of a 
Circle ABC, the Center of which is A, and the 
Circumference BC is divided into 90 Degrees: Draw 
round the Diameter AC the Semicircumference of a 
Circle which ſhall be raken for the Meridian Line; 
by the means of which and of this Table, (which 
ſhews the height of the Sun for every day of the Year, 
from 10 to 10 Degrees of the Signs of the Zodiack, in 
the Latitude of 49 Degrees being that of Paris) you 
may deſcribe firſt the Parallels of the Signs, and from 
thence the other hour-lines by Circles; and that, at- 
ter the following manner. 

To deſcribe, for Example, the Tropick of S, 
knowing by this Table, that the Sun being in S 
is elevated upon the Horizon at Noon 64 Degrees, 
and a half, apply a Ruler from the Center A to the 
64 Degree of the Quadrant BC, reckoning from B 
to C; and through that Point at which the Ruler cuts 
the Meridian Line, deſcribe upon the Center A a Qua- 
drant or Quarter of a Circle which will repreſent the 
Tropick of Cancer, And fo of the reſt, 
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This Method of repreſenting the hour Lines by the gemark; 


Circumferences of Circles, will not ſtand a Geometri- Plate G 
ig} I 


cal Rigour ; bur ſtill may be very uſefully imployed, 


in regard the Error is but ſmall. 
cles you may have ſtraight Lines, in which the Error 
will nor be ſo confiderable ; by deſcribing firtt from 
the Center A, with what extent of the Compaſs you 
will, the two Quadrants 5 VS, TY =, the firſt of 
which ſhall be taken for one of the Tropicks, and 
the other for the Æquator; and then finding upon 
each of the rwo Quadrants one Point of each Hour, 
in order to joyn two Points of the ſame Hour by a 
ſtraight Line, after this manner. 

To find, for Inſtance, the Noon- point upon the 
Æquator V, in which the Sun is elevated upon the 
Horizon 4 Degrees; apply to the Center A, and to 


But in ſtead of Cir- 


the 41 Degree of the Quadrant BC, a ſtraight Ruler, 
1 which 
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Line, that will ſerve for the ſix North Signs, from the 


as you may underſtand by the bare fight of the Fi- 


| ſeven Quadrants, equidiſtant from one another i 


ſhadow of the Stylus, you'll make the Rays of = 
un 
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which will mark the Noon-point 12 upon the Æqua- 
tor. In like manner, the Sun in S being elevated 
upon the Horizon at Noon 64 Degrees and a half, 
apply to the Center A, and to the 64th Degree of 
the Quadrant BC, the ſame Ruler, and 'rwill mark 
upon the Quadrant & vs, (wbich is conſider u as the 
Tropick of Cancer) a ſecord South or Noon: point, 
which being joyn'd to the firſt gives the Meridian 


Vernalto the Aurumnal Equinox. 
If the ſame Quadrant ꝙ vs, be taken for the Tro- 
pick of Capricorn, you'll find the Noon- point after 
the ſame manner; and by drawing a ſtraight Line thro' 
this Point and the Noon-point found above upon the 1 
Æquator V, you have a ſecond Meridian Line, 
which will ſerve for the fix South Signs, from the Au- 
tumnal to the Vernal Equinox. 1 
The ſame is the method of marking the other hour 
lines, both for the fix North and fix South Signs; 


ure. The Parallels of the other Signs are deſcribd 1 
y the Meridian Line, as above; and the hours ar: 
known upon the Dial, as upon that laſt deſcrib'd. + 
In ſhort, the exacteſt way of making this Dial, 3 


7 


as followeth. Deſcribe at pleaſure from the Center 4 


you will; and look upon theſe as the beginnings of WW 
the twelve Signs of the Zodiack, the firſt and the 
laſt repreſenting the two Tropicks, and that in the 
middle the Xquaror, Upon each of theſe Parallels 
of the Signs, mark the points of the hours, according 


Oo 
4 


to the due height of the Sun ar ſuch hours in the be- 
ginning of each Sign, taken from the Table inſerted 
above: Then joyn with curve Lines all the Points of 
the ſame hour, and ſo your Dial is compleated, up- 
on which you may diſtinguiſh the hour of the D 
as above; only, inſtead of a little Stylus rais d a: 
right Angles upon the Center A, you may make ule 
of two little Pins, the holes of which anſwer perpen- 
dicularly, and with an equal height upon the Line 
AC, upon another that is parallel ro it; for by this 


means, inſtead of having the Line AC cover'd by the 
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Sun paſs through the holes of each Pin ; and for the 
readier perception of the hour, you may pur ro the 
Thread that hangs from the Center A, a [mal] Bead, 
which you're to advance upon the Sign and Degrees 
of the Sun mark'd upon the Line AC, when you 
want to know what a Clock it is; for when rhe Rays 

ſs through the holes, and rhe thread (wings at li- 
—4 from the Center A, the Bead will ſhew the 
hour, without the neceſſity of obſerving where the 
thread cuts the Degree of the Sign current of the 
Sun. 
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One may eaſily perceive, tha: with ſuch a Dial, To know 


the hour may be known without the Sun, provided 
you know the place of the Sun in the Zodiack, and 
its height above the Horizon, 
beginning of Y or x the Sun being elevated upon 
the Horizon 27 Degrees and a half, a ſtraight Ruler 
applyed to the Center A, and the 27: Degree of the 
Quadrant BC, will cut the Parallel of V and = at 
the Point of 9 in the Morning, or three in the After- 
noon ; Which ſhews that tis 9 a Clock in the Morn- 
ing if the Altitude of the Sun was taken before Noon, 
= 3 in the Afternoon if the Altitude was taken after 
oon. 


the hours 

upon a Dial 
. without the 
For Example; in the Sun. 


You may know the hours of the Day without a Sundi- To know 


al, by means of the Altitude of the Sun and the Table 
inſerted above, after this manner. Look in the Table 
for the given Alticnde of the Sun, or that which is 
next to it in the Column of the Sign current of the 
Sun, or that of the next tenth Degree ; and then you 
will find oppoſite to it, the hour ar top if the Obler= 
vation is made in the Morning, and at the bottom, if 
in the Afternoon. 

One may likewiſe know the hours without a Sun- 
dial, by Geometry and Trigonometry, as we are a— 
bout to ſhew you; after ſetting forth that the Alti- 
tude of the Sun may be taken by a fingle Quadrant, 
as you have ſeen, or elſe by the ſhadow ct a Style 
or Gnomon elevated at right Angles upon an Hori- 
zontal or Vertical Plain, and that after this man- 
ner. 


what a Clock 
tis without 


ial. 


In the firſt place, if the ſhadow of the Stylus AB plate 7. 
rais d perpendicular upon an Horizontal Plain, is AC ; Fig. 25. 


draw from the root of the Cock A, the Line AD 
KS equal 
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| | equal to the Cock AB, and perpendicular to the ſha- 
| dow AC; and from the Point D to the extremity C 
| of the ſhadow AC draw the right Line CD; and the 
| — ACD will be the Altitude of the Sun ſought 
| OT. 

| Plare 7. In the next place, if the plain be Vertical, draw 
| Fig. :3- to the extremity C of the thadow AC, the direct 
| Line, CD; and from the root of the Cock A the Ho- 
| rizontal Line EF perpendicular ro CD. Then draw 
| from the root A the direct Line AG equal ro the 
| Cock AB, and having taken upon the Horizontal 
| Line, the part DF equal to DG, draw the Line CF ; 
| and the Angle DFC will give the Altitude of the Sun 
| upon the Horizon. 

| To know The Altitude of the Sun being known by this, or 


the hours by other means, the hour of the Day may be found by Geo- 
Dre met, thus. Deſcribe at diſcretion the Semicircle 
U g. - ABCD, the Center of which is E, and the Diameter 
| AD. Then take on one fide of it the Arch DC of 
the Elevation of the Pole, and on the other fide the 

| Arch AB of the Complement of the Elevation of the 
Pole ; after which draw EB, EC, which will be per- 

pendicular to one another, and of which the firſt EB 
| will repreſent the Æquator, and the ſecond EC the 
| Axis of the World, becauſe the Point E repreſents 
the Center of the World, the Point C the Pole 
elevated upon the Horizon repreſented by Ab, 

1 and the Circle ABCD the Meridian and the Colurus 
| of the Solftices, the Colurus being ſuppos d to agree 
l with the Meridian. F 
f In this Suppoſition, we'll rake the Arch BL of the 
| greateſt Declination of the Sun, or 23 degrees and a 
|) half, from B ro C if the Sun is in the Northern 
| Signs, and from B towards A if in the Southern ; 
then. we'll draw from the Center E to the Point L 
the Line EL, which will repreſent the Ecliptick ac- 
cording to the Rules of rhe Orthographical Projection 
of the Sphere. This done, make the Arch LM equal 
to the diſtance between the Sun and the neareſt Sol- 
ſtice ; and from the Point M draw MI perpendicu- 
lar ro the Ecliptick EL, which is here cur by it at 
I ; and through this Point I you're to draw FG pa- 
rallel ro the Æquator EB; this FG will repreſent the 
Parallel of the Sun, and cuts the Axis EC ar the 
Point 
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Point G ; from whence as a Center you're to draw 
thro? the Point F the Arch FORK. 

In fine, having taken the Arch AH equal to the Al- 
titude of the Sun; draw from the Point H the Line 
HN parallel to the Horizon AD; which HN vill re- 
preſent the Almacantarat of the Sun, and give upon 
the Parallel FG its place at N; from whence you're 
to draw the Line NO perpendicular to the Line EG; 
and then the Arch FO being converted into Time, 
computing 15 Degrees to an hour, will give the hour 
in queſt ion before or after Noon. 

The Arch BF ſhews the Declination of the Sun; 
which may be taken yet more exactly by means of 
its greateſt Declination, vix. 23 degrees and a half, 
and irs diftance from the neareſt Equinox; and thar 
by the following Analogy ; 


As the Sine Total, 
To the Sine of the greateſt Declination of the Sun; 
So is the Sine of its diſtance from the neareſt Equinox 
To the Declination ſought for. 


= *'Tis evident, that when the Sun has no Declinati- 

on, which happens at the time of the Equinoxes, in- 

ſtead of drawing the Perpendicular NO from the 
Point N, you maſt draw it from the Point P where 
the AÆquator is cut by the Almacantarat HI, in or- 

der to have the hours of that Day. Bur in this caſe 

the hour may be found more exactly by the following 
= Analogy. 9 


= As the Sine of the Complement of the Elevation of 
== the Pole, 

F To the Sine of the Altitude of the Sun ; 

So is the whole Sine, 


To the Sine of the diſtance of the Sun frem fix hours. 


90 degrees if tis Northern, or add it to 90 if tis 


from the Pole ; by means of which and of the Ele- 

_—_ - = — N the altitude of the Sun, you 

may find the hour of the day by Tri 

DL a” 
v Add 


When the Sun has a Declination, ſubſtract ir from — — 
nur Or t 
Southern, and then you have the diftance of the Sun — 
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Add theſe three, rhe Complement of the Altitude 
of the Sun, the Complement of the Elevation of the 
Pole, and the diſtance of the Sun from the Pole; and 
ſubſtract ſepararely from half their dum, the Com- 
plement of the Elevation of che Pole, and the Diſtance 
of the Sun from the Pole; in order to have two 
differences which with the Complement of the Eleva- 
tion of the Pole, and the diſtance ot the Sun from 
the Pole, will ſerve for making theſe rwo Analogies, 


As the Sine of the diſtance of the Sun from the Pole, 
To the Sin? of one of the two Differences; 

So is the Sine of the other Difference, 
To a fourth Sine. 


As the Sine of the Complement of the Elevation of 
the Pole, 
To the fourth Sine freund; 
So is the whole Sine 
To a ſeventh Sine. 


which being multiplied by rhe whole Sine, the ſquare 
Root of the Product will be the Sine of half the di- 
ſtance between the Sun and the Meridian. 


PROBLEM XII. 
To deſcribe à portable Dial upon a Card. 


HE Dial we are about to deſcribe is call'd the 
Capuchin, with alluſion ro the reſemblance it 
bears to a Capuchin's Head with his cowl turn'd up- 
fide down. We do it upon a piece of Paſtboard or 
Card, after this manner. 

Having drawn at pleaſure the Circumference of a 
Circle, the Center of which is A, and the Diameter 
B12, divide the Circumference into 24 equal Parts, 
from 15to 15 Degrees, beginning from the Diameter 
B12; and joyn the two Diviſion Points equidiſtant 
from the Diameter, by ſtraight Lines parallel to one a- 
nother, and ** ro the Diameter; which 
ftraight Lines will be the bour Lines, and of theſe 


that which paſſes through the Center A will be the 
Line of fix hours, | > 
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This done, make, at the Point A with the Diameter 
B12, the Angle Br2 of the Elevation of the Pole; 
and baving drawn through the Point where the 
Line 12Y cuts the Line of fix hours, the indefinite 
Line & VS perpendicular to the Line 12 V, terminate 
that Line & s by the Lines 12S, 12 , which 
ought to make with the Line 12 V, each of em, an 
Angle of 23 degrees and a half equal to the greateſt 
Declination of the Sun. 

You'll find upon this Perpendicular & VS the Points 
of the other Signs, by deſcribing from the Point 
as a Center through the Points S, V, a Circumfe- 
rence of a Circle, and dividing it into 12 equal Parts, 
from 30 to 30 Degrees, for the beginnings of the 


twelve Signs of the Zodiack, in order to joyn the 


two Diviſion Points, that are oppoſite and equidiſtant 
from the Points S, VS, by ſtraight Lines parallel to 
one another, and perpendicular to the Diameter , 
which will make upon that Diameter the beginnings 
of the Signs, from whence as Centers you're to draw 
through the Point 12 Arches of Circles that will re- 
preſent the Parallels of the Signs, and by Conſequence 
require the ſame Characters, as ycu ſee in the Fi- 
ure, 

Theſe Arches of the Signs, will ſerve for diſtin- 
guiſhing the hours by the Rays of the Sun, after the 
following manner. Having drawn at pleaſure the Line 
CVS, parallel to the Diameter B12, raiſe at its ex- 
tremity C in a true perpendicular a (mall Cock, and 
turn the plain of the Dial in ſuch a manner, that the 
Point C pointing obliquely to the Sun, the ſhadow of 
the Cock may cover the Line C V, and then the thread 


ſwinging freely with irs Plummer from the Point of 


the degree of the Sign current of the Sun mark d up- 
on the Line 3 VS, will ſhew the hour below upon 
the Arch of the ſame Sign. f 
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That the Thread may be eaſily placed upon the de- Remark; 


gree of the Sign current of the Sun, the plain of the 
Dial muſt be flit along the Line © VS, for then you 
may eaſily advance the Thread to what Point you 
will of that Line and fix it there, And if you ſtring 
a little Bead upon the Thread, you may know the 
hour of the day without the Arches of the Signs, by 
advancing the Bead to the "ome 12, When the Thread 
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is fix d at the degree of the Sign current of the Sun, 
for then the Bead will ſhew the hour, if the Point C 
be turn d directly to the Sun, ſq as to have the Line 
Cvs cover'd with the ſhadow of the Cock. 

You might have mark'd the Signs more exactly 

upon the Line © , by making at the Point 12 on 
each fide the Line 12 V, equal Angles to the Decli- 
nation of theſe Signs: But in regard the Error is in- 
conſiderable, when the Dial is (mall, as it commonly 
is, you had as good reſt contented with the foregoing 
Merhod. 
This Sundial derives its Origin from a certain Uni- 
verſal Rectilineal Dial formerly communicated to the 
publick by Father Rgaud the Jeſuit, under the Ti- 
tle of Analemma Novum; the Conſtruction and uſe of 
which are as followeth. | 

Having deſcribd, as above, the hour-lines, by 
vertue of a Circle divided into 24 equal Parts, the 
Center of which is A, and the Diameter (=, ro 
which all the hour-lines ate Perpendicular ; of which 
that paſſing through the extremity "4 repreſents the 
South or Noon-line, and that patiing through the ex- 
tremity £ repreſents the Midnight-line : This done, 
I ſay, take the Diameter  -> for the Æquator, and 
draw the Parallels of the other Signs in ſtraight Lines, 
after the following manner. 

The Diameter Y being the Aquaror, make with 
that Line at the Center A, an Angle equal to the great- 
eſt Declination of the Sun, or of 23 Degrees and a 
half, by drawing Sys, which ſhall be taken for the 
Ecliptick, and will be cut by the hour: lines, from 
15 to 15 Degrees, in Points, through which you're to 


draw ſtraight Lines parallel to one another, and to 


the Equator , and theſe Right Lines will repre- 
preſent the beginnings of the Signs and their halves. 
In .fine, draw from the Center A to the degrees of 


the lower Semicircle ſtraight Lines, from five ro five, 


or from ten to ten Degrees; and prolong them till 
they meet, cach of em, the two Meridian Lines S 70, 
& 20, to which you're to add Cypher ic, that the 
Oz pbere of one Meridian Line ſhail make with the 
correſponding Cyphers of the other, go Degrees, in 
order g have the Degrees of the Latitude mark d up- 
on each Meridian Line, which Degrees will direct us 
£9 the hours, thus. : Draw 
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Draw from the Center A to the degree of the La- 
tirude of the place where you are, which is mark'd 
upon the Midnighr-line S 20, for inſtance the 5th 
degree; draw, I ay, the Right Line A5o, which re- 
preſenting that Horizon, will denote the hour of Sun- 
riſe and Sun-ſer at the Point where it cuts the Paral- 
lel of the degree of the Sign current of the Sun : And 
ar that Point fix a Thread with irs Plummer and a 
Bead upon ir, that ſo the Thread being extended from 
the ſame Point to the degree of the ſame Latitude 
mark'd upon the Noon-line So, the Bead may ad- 
vance upon that degree of Latitude; after which the 
Bead reſting at that place of the Thread, let the Thread 
ſwing with irs Plummet and its fix d Bead, and ſo 
you'll know the hours, by the following means. 


Raiſe a little Gnomon at Right Angles at the ex- 


tremity of the Line VA, or any other Line thats 
parallel to it; and turn the Point & obliquely to the 
Sun, in ſuch a mannet, that the Thread may hang 
at liberty with its Plummet, and that the ſhadow of 
the Gnomon may cover the Line; for then the Bead 
will ſhew the hour. 

This is what we are taught by Father Rigaud ; to 
which I ſhall only add that we may make uſe of the 
univerſal Horizontal Dial, by raking the Line of fix 
hours for the Meridian, and the Center A for the 
Center of the Dial, in which caſe the Line VA will 
be the Line of the hour; and by taking upon the 
hour- lines (from the Line of fix hours V) the parts 
of the Horizon terminated by the hour- lines from 
the Center A. For thus you'll have Points upon the 
hour-lines, which being joyn'd by curve-lines, will 
yield Ellipſes that will repreſent the Circles of La- 


tirude ; and upon theſe you'll diſtinguiſh the hours 


by the ſhadow of the Axis, which with the Meridian 


ought to make at the Center A an Angle equal to the 
elevation of the Pole. 


But there's another and an eafier way of drawing 


an Univerſal Elliptick Horizontal Dial, as we are 
about ro ſhew you ; after laying down in the next 


Problem two different ways of drawing an Univerſal 


Rectilineal Horizontal Dial. 
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PROBLEM XIV. 
Jo deſcribe an Univerſal Rectilineal Horizontal Dial. [ 


Plate 9. HÞvivg drawn thro the Center of the Dial, A, t- 
ken ar pleaſure upon an Horizontal Plain, the F |: 
two perpendicular Lines AB, CD; and having ac- | 
counted the firſt AB for the Meridian, and the ſecond 
CD for the Line of fix hours ; deſcribe at diſcretion 
upon the Center A the Quadrant EF ; and after ha. 
ving drawn through the Point E the Line GH per- 
pendicular to the Meridian, which ſhall repreſent the 
goth degree of Latitude, and through the Point F 
the Line EK parallel to the fame Meridian which 
ſhall repreſent the Line of 9 hours, and likewiſe the 
30 Circle of Latitude with reſpect to the hour-lines K|| 
that are perpendicular to it ; divide the Quadrant EF 
into fix equal Parts of 15 degrees each, that ſo by 
drawing Right Lines from the Center A rhrough the 
Points of Diviſion, you may have upon the Line GH f 
the Points of the other hours, through which you are B 
to draw the other hour - lines parallel to the Meridi- 0 
an, omitting on purpoſe the Lines of 5 and 7 hours, 
to avoid the exceflive breadth of the Dial ; nay to 
make ir yer narrower, you may omit the Lines of 4 
and 8, which repreſent the 6oth degree of Latitude, 
with reſpect ro the hour-lines thar are perpendicular 
to them, and will ſupply the defect of the omitted 
— I mean thoſe parallel to the Meridian 
Theſe fame Lines that proceed from the Center A, 
being prolong'd, will mark upon the Line FK of 9 
hours, Points through which you are to deſcribe up- 
on the Center A Arches of Circles, which will give 
upon the Meridian AB the Points 15, 30, 45, 60,75 ; 
and through theſe you muſt draw as many ftraight 
Lines parallel to one another, and to the Line GH, or 
n pet to the Meridian AB, which ſtraight 
ines will repreſent the Circles of Latitude from 15 
to 15 Degrees, with reſpect to the hour-lines parallel 
ro the Meridian AB. 
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To find the other Circles of Latitude, and the o- 
ther hour-lines to ſupply the defects of thoſe that were 
omitted, deſcribe from the Point E thro' the Center 
A the Semicircle AIB, and divide its Circumference 
into fix equal Parts, from 30 to 30 degrees, in order 
to deſcribe from the Center A through the Diviſion 
Points, Arches of a Circle that will mark Points upon 
the Line of fix hours, thro which Points you muſt draw 
Lines parallel ro the Meridian AB, which will repre- 
ſent Circles of Latitude of 15 degrees each. 

To deſcribe the hour-lines that correſpond to the 
Circles of Latitude, and ought to be parallel to the 
Line of ſix hours, uch as is the Line of 3 and 9 hours, 
which paſſes thro the Point B, and repreſents the 30 
Circle of Latitude with reſpect to the firſt hour-lines, 
draw from the Point B thro' the Points of Diviſion 
of the Semicircle AIB, ſtraight Lines which being A 
prolong'd will give upon the Line of fix hours the 
Points L, M, C; the diſtances of which AL, AM, AC, 
being taken upon the Meridian Line AB on each 
fide the Center A, you will then have the Points thro” 
which you're to draw-Lines parallel to the Line of 
ſix hours. 

You may know the hours of the Day in this Uni- 
verſal Dial, after the ſame manner as in that laſt de- 
{crib'd, viz. by turning the Center A directly South, 
and putting at the ſame Center A an Axis rais d up- 
on the Meridian to the extent of the Angle of the 
Latitude of the place; for then the ſhadow of that 
Axis will point to the hour upon the Line of the ſame 
Latitude. 

There is yet another and an eaſier way of deſcri-,,,. 10. 
bing an Univerſal Rectilineal Dial upon an Horizon- Fig. 18. 
tal Plain, viz. Having drawn, as above, through the 
Center of thc Dial A, the two perpendicular Lines 
AB, GD; and having drawn thro the Point go taken 
at diſcretion upon the Meridian AB, the Line EF per- 
pendicular ro the ſame Meridian ; deſcribe from the 
Center A thro' the Point 90 the Semicircle Coo D, 
which here cuts the Line of fix hours CD at the two 
Points C, D; thro' which and thro' the Point 90 
ydu' re to draw the ſtraight Lines, Coo, Doo. Divide 
the Circumference of this Semicircle into twelve equal 
Parts, of 15 degrees each; and draw from the Cen- 
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ter A thro' the Points. of Diviſion , ſtraight Lines 
which will mark Points upon each of the two Lines 
Coo, Doo; and thro' theſe Points you're ro draw the 
hour-lines parallel to the Meridian. Theſe ſame 
Lines that go from the Center A being prolong'd will 
meer the Line EF in Points, thro' which you muſt 
draw from the Center A, Arches of Circles, which 
will mark upon the Meridian Line, the Points 20, 45, 
60,75; and from theſe Points to the two Points C and 
D you muſt draw as many Right Lines, which will 
repreſent the Circles of Latitude from 15 ro 15 De- 
grees. The Dial being thus finiſh'd, you'll find the 
hour of the Day by it, as in the foregoing. 
, An Horizontal Dial calculated for any particular La- 
To make a titude whatſoever, may be rendred Univerſal, rwo ways, 
—_—_ „ namely by means of the Hour-lines, and by means of 
Univerſal, the Equinoctial Line divided into hours. 

The firſt is perform'd by raiſing the Plain of the 
Horizontal Dial above the Horizon of the place where 
tis, towards the North if the Latitude of the place 
is greater than that for which the Dial was made, 
or towards the South if tis leſs; by raiſing it, I 
ſay, to the extent of the Degrees of the difference of 
the two Latitudes; and then the Axis of the ſhadow 
IK will ſhew the hours by the Rays of the Sun, when 
the Center I is turn d due South. 
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In the ſecond Method we place at the Point O, 
the Section of the Meridian DI, and the Equinocti- 
al AB, we place there (I ſay) a ſmall perpendicu- 
lar Plain like the Righrangled Triangle OKL, which 
muſt be movable round the Point O, in ſuch man- 


ner that the fide OK may make with the Meridian OL 


ET. 4 


(Which muſt be ſlit in that part) an Angle equal to 
the Complement of the Elevation of the Pole upon 
the Horizon of the place where it Is; for then the 
ſhadow of the Axis KI will ſhew the hour upon the 


Equinoctial AB, the Center I being turn'd due 
youth, | 


. PR O- 


286 


Plate 8. 
Fig. 19, 


Mathematical and Phyfical Recreations. 


PROBLEM XV. 
To deſcribe an Univerſal Elliptick Horizontal Dial, 


HAving drawn, as in the foregoing Problem, from 
the Center of the Dial A taken at diſcretion up- 

on the Horizontal Plain, the two perpendicular Lines, 
AB, CD; and having drawn upon the ſame Center 
the Semicircle CBD of what ſize you will; divide] 
its Circumference into twelve equal Parts, of 15 de- 
grees each, and joyn the two oppoſite Points of Di- 
viſion that are equidiftant from the Line of fix hours 
CD, by Right Lines perpendicular to the Meridian 
AB, or parallel to the Line of ſix hours CD, which 
will repreſent the other hour- lines, and upon the 
hour-lines you're ro mark the Points of Latitude, 
thus 3 
To mark upon each hour- line, the Point, for er 
ample, of the 60 degree of Latitude, make at the 
Center A with the Meridian AB and the Line AE 
an Angle of 60 degrees; and take the length of the 
perpendicular diſtances of the Points in which the Me 
ridran is cut by the hour- lines from the Line AE; rake 
this length, I fay, upon the oppoſite hour-lines, from 
the Meridian AB on each fide of it, in Points, which 
muſt be joyn'd by a Curve-line which will be th: 
Circumference of a Semi-Ellipſis, and will repreler: 
the 60 Circle of Latitude. Thus tis, that we bar 
repreſented the other Circles of Latitude, from 15 | 
15 degrees, by which with the Rays of the Sun tit 
hour of the Day may be known as above. 


PROBLEM XVL 
To deſcribe an Univerſal Hyperbolick, Horizontal Dia, 


Having drawn, as above, from the Center of tn 
Dial A, the two perpendicular Lines AB, CD 
and having likewiſe drawn, as above, upon the (a0! 
Center A, the Semicircle EFG divided into twel! 
equal Parts, of 15 degrees each; draw from the Ce 
ter A through the Points of Divifion indefinite Line 

WICK 


Plate ut 


= — o wt —_— — — 


- 


F 
. * 7 7 
F * 
bl * 
— — 1 —— — K 
, 
7 F 
% / * 
% F 
ww, , 510 
Li 
* 


* & 8 * 59 


Problems of Dialling. 


within which, as between Aſymptotes, you muſt de- 
ſcribe thro' the Point F taken at diſcretion upon the 
Meridian AB, Hy perbola's which will repreſent the 
bour- lines. | 

This done, draw thro' the ſame Point F, the Line 
HI perpendicular io the Meridian AB; which per- 
pendicular will repreſent the 90 Circle of Latitude, 
and will be cur by the Aſymptores drawn from the 
Center A, in Points, thro' which you are to deſcribe 
from the ſame Center A, Arches of Circles, which 
will give upon the Meridian Line, the Points 75, Co, 
45, 30, 15; and thro' theſe Points you muſt draw as 
many Lines perpendicular to the ſame Meridian, 
which will repreſent the Circles of Latitude from 1 5 to 
15 degree by which the hour will be known as in 
the foregoing Dial, | 
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Thole who underſtand the Conick Sections, know, remark. 


that in order to deſcribe an Hyperbola through the 
Point F between the Aſymptotes, AK, AL, (for iuſtance) 
they need only to draw ar Diſcretion thro the Point 
F the Line MN, terminated in M and N by the two 


Aſymptotes AK, AL; and take MO cqual to FN, and 


ſo have O for the Point of the Hyberbola that is to 
be deſcrib'd, c. 

Thoſe who are unacquainted with the Conical Secti- 
ons, may mark the Points of the hour-lines upon each 
Circle of Latitude, (as we ſtall ſhew in the inſuing 
Problem) in order to joyn the Points belonging to the 
ſame hour, by Curve-lines, which will neceſſarily be 
Hyperbola's. 


PROBLEM XVIL 
To deſcribe an Univerſal Parabolick Horizontal Dial. 


HAving drawn, as above, thro' the Center of the pe ir: 
Dial A, the two perpendicular Lines AB, CD; Fig 21. 


draw thro the Point B taken ar Diſcretion upon the 
Meridian AB, the Line EF perpendicular to the ſame 
Meridian, which will repreſent the go degree of La- 
ritude ; and deſcribe, as in the foregoing Problem, 
upon the Center A, thro the Point B. the Semicircle 
CBD, which muſt be divided into twelve Paris, — 

order 
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order ro joyn the oppoſite Divifion Points, that ate 
equidiſtant from the Line of fix hours CD, by Right 
Lines which will repreſent the Circles of Latitude from 


15to 15 degrees. 


Upon each of theſe Circles of Larirude, for inſtance, 


the Line GH, which repreſents the 60 degree of La- 


titude, we muſt mark the hour-points, thus. 


From 


the Point 60 the Section of the Meridian AB and the 


Line GH, draw an Arch of a Circle that touches the 


Line AI, which with the Meridian AB makes at the 


Center A an Angle of 60 degrees; and with the ſame 


extent of the Compaſſes rake upon the Meridian AB, 
the part AK, in order to draw thro' the Point K the 


Line KL perpendicular ro the Meridian AB, This! 
rpendicular KL will be cut by ſtraight Mines drawn 
36 the Center A thro' the twelve Divifions of the 


Semicircle CBD ; twill be cur, I ſay, in Points, the 
diftances of which from K are to be taken upon the 


Line GH, on each fide the Point 60; and ſo you 
have the hour-points upon the Line GH, which in thi 
caſe is conſider d as an Equinoctial Line in reſpect of 


the Axis AI. 


The ſame is the method of marking the hour-poinyſ 
upon the other Lines of Latitude, confider'd as ſo mat 
ny Equinoctial Lines: And the hour-points belonging 
to the ſame hour are ro be joyn'd by Curve- lines 
which will repreſent rhe hour-lines, and be ParabolaÞ 
having the Center A for the common Vertex, and 
the Line of fix hours CD for the common Axis. 
bour is obſery'd upon this Dial, as upon the fore|þ 


going. 
PROBLEM XVIIL 


To deſcribe a Dial upon an Horizontal Plain, in whic' 
the hour of the Day may be known by the Sun with 


tbe ſhadow of any Gnomon. 


HIS Dial is commonly made two ways, % 

by the Table of the Verticals of the Sun fron 

the Meridian to every hour of the Day, in the begin 
ning of each fign of the Zodiack, ſuch as this he" 
annex d, which is calculated for the Latitude of 4 
. Degrees; 
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degrees; or elle wir hout any Table, by the Stereogra- 
phical Projection of the Sphere. 


9 


A Table of the Verticals of the Sun from the Meridian 
to every Hour of the Day. 
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In the firſt place, to deſcribe this Dial from the fore- Pe 72. 
going Table, whence tis call'd the Azimuth Dial; * 
draw upon the Horizontal Plain, which I ſuppoſe to be 
moveable, the rectangle Parallelogram ABCD, and 
divide each of the two oppoſite ſides. AB, CD, into 
two equal parts, at the Points E, F, which ought to be 
join'd by the right Line EF, that is ro be taken for the 
Meridian ; and upon that Metidian you are to take at 
diſcretion the Point G for the Root of the Gnomon, 
and the Points F. H, for the Solſtice- Points of S and 
W; thro which you muſt deicribe upon the Point G as 
Center, two Circumferences of a Circle for repreſent- 
ing the Tropicks or the beginnings of S and Vs. 

To reprelent the Parallels of the beginnings of the 
other Signs, divide the Space FH into fix equal parts ; 
and om the ſame Point G draw thro the Points of Di- 
viſion, other Arches of Circles to repreſent the begin- 
nings of the Signs ; and mark upon theſe Arches the 
Points of the Hours, by taking upon them the Degrees 
of rhe Vertical of the Sun (as they ftand in the fore- 
going Table) every Hour of the Day from the begin- 
ning of the reſpective Sign: Theſe degrees muſt be 
taken upon the Arches on _ fide the Meridian —_ 

, 
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EF, and the Points belonging to one Hour muſt be 
join'd by Curve- Lines, which will be the Hour-Lines, 
The Dial being thus finiſh'd, you may know the Hour 
of the Day withour a Gnomon, after the following 
manner. 

Apply to the Center G of the Arches of the Signs a 
magneted Needle rais d upon à ſmall Hinge, with free- 
dom of Motion in turning round, as in the common 
Sea-Compaſſes ; and turn the Point E directly to the 
Sun; ſo that each of the two ſides, AD, BC, which 
are parallel to the Meridian Line EF, ceaſes to be ſhone 

n by the Sun without giving any Shadow; for 
then the Needle will point to the Hour upon the de- 
gree of the Sign current of. the Sun. 

Dials made To deſcribe this Dial by the Stercographical Proje- 
by the Ste- tion of the Sphere, in which caſe it aſſumes the Name 
— 3 of an Horizontal Aſtrolabe; draw thro the Center I of 
of the the Square ABCD, the two perpendicular Lines EF, 
Sphere. GH; one of which, as EF which is parallel to the 
fide AD, being taken for the Meridian, the other GH 
arallel to the fide AB will repreſent the firſt Vertical, 
— the Point I repreſents the Zenith; from which 
as from a Center, you're to draw at diſcretion the 
Circle EFH, which will repreſent the Horizon. 

Upon the Circumference of this Circle, rake on one 
ſide the Arch EO of the Elevation of the Pole upon the 
Horizon, and on the other fide, the Arch FL of the com- 
plement of the ſame Elevation of the Pole ; and draw 
from the Point & to the Points, O,L, the ſtraight Line 
20, (which will give upon the Meridian the Pole in P; 
thro which and thro the two Points , , you muſt 
run the Circumference of a Circle to repreſent the Cir- 
cle of fix Hours ; ) and the ſtraight Line L, which 
will give upon the Meridian the Point M, thro which 
and thro the two Points V, =, you muſt deſcribe ano- 
ther Circumference VM, for the Equator. 

This Circle or Equator YM might be divided 
into Hours, from 15 to 15 degrees, by the Rules of 
the Stereographical Projection; by taking two Points 
diametrically oppoſite, and deſcribing Circumfe- 
rences through the Pole; but a ſhorter way, is, to 
take upon the Horizon EF, on each fide, from 
the two Points, E, F, the Arches of the Horizon com- 
prehended between the Meridian Circle, and the oy 
/ Teles 
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Fig. 23. 
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| Circles, which are equal ro the Angles made by rhe 

Hour-lines with the Meridian at the Cen er of an Ho- 

rizontal Dial, and which in the Latitude of 49 degrees 
ought to be, 11. 26“, for i and 11 Hours ; 23, 33'. for 
2 and to-; 37. 30, for 3 and 9; 32. 35, for gand 83 
70. 277, for 5 and 7. By this Direction we may de- 
icribe Hour lines or Circles, as above which are only 
needful to be drawn between the two Tropicks; which 
together with the Parallels ot the other Signs ot the 
Zodiack. may be deicrib'd, thus: 

To deſcribe Parallels of the Signs, make uſe of their 
Declination, which is 23. 30“. for S. ; 20. 12. for 
x N. . ; and ri. 20% tor ©, K N. m. By 
this their Dec ination you may find three Points of each 
Sign, one upon the Meridian EF, and two upon the 
Horiozn Ey F; and ſo delcribe thro theſe three 
Points a Circumference of a Circle for the Parallel of 
the reſpective Sign. 

Now to find theſe three Points, for Example, for 
the Tropick of S; take from L which anſwers to the 
Equinoctial M, towards F (the Sign being Southern, 
for if twere Northern, you {| ould take from L to- 
wards ) the Arch LQ of 23. 30. ſuch being the 
Declination of Vs. and draw from the Point , to the 
Point Q, the ſtraight Line Q, which will give upon 
the Meridian EF, the Point 12 of VS. I' from the Point 
Q you draw the Line QN parallel to IL F; and if thro 
the Point N where the Line QN cuts the Merid an. you 
draw the Line V$NVS perpendicular to the ame Meri- 
dian, you'll have upon the Horizon EMF, the two 
Points, VS, VS, thro which and thro the Point 12 you 
are to deſer be the Arch V$12 V which will repreient 
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1 the Tropick of Capricorn. 
þ The lame way do we repreſent the Parallels of the 
ö. other Signs ; and the Dial being thus finiſh d we know 
the Hour of the Day as in the foregoing Dial, or «lie 
d by raifing at the Point I a very ftraighr S:yle of what 
of length you will, and turning the Point E directly to 
ts the Sun; for then the Shadow of the Gnomon points 
e- to the Hour upon the Sign current of the Sun. Or 
to elſe thus: 
m Deſcribe upon the ſame Meridian EF a common 
n- Horizontal Dial, the Center of which may be R, for 
r example; and there put an Axis that reſts upon the 
es a U 2 Gnomon 
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Plate 13. 
Fig. 24. 
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Gnomon rais'd perpendicular at 1 ; and turn the Plain 
of the Dial, fo, that the Shadow of the Axis may ſhow 
in its Dial the ſame Hour, that the Shadow of the 


Gnomon does in its own. 


PROBLEM XIX. 
To deſcribe a Moon-Dial. 


O deſcribe a Moon- Dial upon any Plain what- 
ſoever, for example an Horizontal Plain; draw 
upon that Plain an Horizontal Sun- Dial for the Lati- 
tude of the Place, according to Probl. 2. then draw at 
pleaſure the two Lines 57, 39, parallel to one another 
and perpendicular to the Meridian A12 ; the firſt of 
which 57 being taken for the Day of full Moon, the ſe- 
cond 39 will repreſent the Day of new Moon, when 


the Lunar Lines agree with the Solar; from whence ir 


comes that the Hour-points mark'd upon theſe two Pa- 
rallels by the Hour-lines, which go from the Center A, 
are common to the Sun and Moon. 

This done, divide the Space terminated by the two 
parallel Lines 39, 57, into twelve equal parts, and 
draw thro the Divifion-Pouints as many Lines parallel 
ro theſe two Lines, which Parallel Lines will repreſent 
the Days when the Sun by irs proper Motion towards 
the Eaſt, removes ſucceſſively by an Hour a Day, and on 


which by conſequence it riſes an Hour later every Day; 


ſo, that the firſt Parallel, 4, 10, will be the Day in 
which the Moon riſes an Hour later than the Sun, and 
then the Point B, for example, of 11 Hours to the 
Moon, is the Point of Noon to the Sun: The next 
Parallel 5, 1z, will repreſent the Day on which the 
Moon rites two Hours later than the Sun, and then 
the Point C. for example, of 10 Hours to the Moon 


will be the Point of Noon to the Sun. 


'Tis evident, that if you join by a Curve-line the 
Points 12, B, C, and all the others retaining ro Noon, 
which may be found by a Ratiocination like the laſt, 
that Curve will be the Lunar Meridian Line. The 
ſame Method is to be oblerved in drawing the other 


Hour: lines for the Moon, as the bare fight of the Fr 


gure will inform you, J 
| 1 
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Problems of Dialling. 

In regard the Moon ſpends about 15 Days between 
its Conjundtion with the Sun and irs Oppofition, that 
is, between new Moon and full Moon when tis dia- 
metrically oppoſite to the Sun, ſo that it riſes when the 
Sun ſets; you muſt deface all the fore- going Parallels, 
excepting the two firſt, 57, 39, and inſtead of dividing 
their Interval into twelve parts, you muſt divide it in- 
to fifreen, and draw thro the Divifion-Points, other 
Parallels repreſencing the Days of the Moon, to which 
by conſequence you muſt add ſuitable Figures, as we 
have done here along the Meridian ; for by theſe Fi- 
gures you may know the Hour of the Sun at night by 
the Rays of rhe Moon after the following manner : 


Place at the Center of the Dial A, an Axis, that is, 


a Rod that ar the Center A makes with the Subſty lar 
A 12 an Angle equal to the Elevation of the Pole upon 
the Plain of the Dial, which is the ſame, with the ele- 
vation of the Pole upon the Horizon in an Horizontal 
Dial ; and then the Hour will be pointed ro by the 
Shadow of the Axis upon the current Day of the 
Moon. 


293 


Since the Moon by its proper motion removes from Remark; 


the Sun three quarters of an Hour towards the Eaſt, 
ſo that ir riſes every day three quarters of an hour later 
than the foregoing day; 'tis evident that knowing the 
Age of the Moon, you may with a common Sundial 
know the Hour of the Night by the Rays of che Moon, 
viz. by adding to the Hour mark'd upon the Dial by 
the Moon, as many times three quarters of an hour, 
as the Moon is days old. Now the Age of the Moon 
is found by che Rules laid down in our Problems of 


Coſmography. 


PROBLEM XX. 
To deſcribe a Dial by Reflection. 


Roof that will ſhew the Hours by Reflection, 
draw a Dial upon an Horizontal Plain expos'd to the 
Rays of the Sun, in a Window, for inſtance, in ſuch 
manner that the center of the Dial looks directly North, 
and the Hour- lines have a cy Situation to that 

3 the 


TO deſcribe a Dial upon a dark Wall or arch'd 
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the common Sundials. A Dial being made afrer this 
manner, with a little ſtraight Gnomon fitted, lay a 
Thread upon any point of each Hour-line, and extend it 
tight till ir paſſes the end of the Gnomon and meets the 
Wall or Vault in a Point which will belong to the Hour 
that the Thread was apply'd ro. Find by the ſame 
means as many other Points of each Hour-line, and 
join them by a right or curve Line, and the Dial is fi- 
niſh'd ; upon which you'll know the Hours b) Refle- 
Ction. by placing at the end of the Gnomon of the 
Horizontal Dial, a ſmall flat piece of Looking - Glaſs, 
laid exactly horizontally ; or, which is the eafier way, 
by purring inſtead of the Glaſs, Water. which natu- 
rally aff: &s an Horizontal Situation, beſides that when 
the Rays of the Sun are weak, twill by irs motion 
give a more diſtinct Reflection upon the Wall or Plank 
where the Dial is. 


PROBLEM XXL. 
To deſcribe a Dial by Refraction. 


ONE may eaſily deſcribe an Horizontal Dial by 
Refraction in the botiom of a Veſſc] full of Wa- 
ter, by the Table of the Verticals of the Sun inſerted 
above, Page 289, rogether with the Table of the Alti- 
rudes of the Sun given likewiſe above and the following 
Table, the firſt Column of which o rhe left contains the 
Angles of Iuc nation of the Rays of the Sun, that is, 
the degrees of rhe Complement of the Sun's height 
upon the Hor zon, or of the diſtance of the Sun from 
the Zenith. to which there correſpond in the ſecond 
Column, the degrees and minutes of the Argles refra- 
cted in Water that is, the diminution of the Angles 
of Inclination made in Water, when the Sun is re- 
mov'd io many degrees from che Zenith, which ſhor- 
tens the Shadow of the Gu mon that is to be cover d 
with Water in order co know the Hours by the Rays 
of the dun. fe. + ral . 


** A Table 
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A Table of the Angles refracted in Water for all the 
Degrees of the Angles of Inclination. 


# „ 

A. D. M A. DM A.| DM. 
1 | 0-46 31 [33-38 |61| 42.52] 
2 | 1.33 32 | 24.41 62] 43-23 

| 3 Dy 33125. 4 63 | 43-53 
43.7 _ [3412547 64 | 44-21 

LI] 2 3526.39 65 | 44:50] 
6 | 4.49] 36|27-13 66 | 45-17 
o | $427 37127-55 67 | 45-44 
$8] 6.13 3828.37 68 46.10 
9 7. © 39 | 29-19 69 46 34 

ZE ere e 
11 8.20 4113.41 71 | 47.21 
12| 918] 42 | 31.22 72| 47.43 
13 | 10. 4 4332.24 73 | 48. 3 
14 | 19.50 44 | 32-42 74 | 43.23 
r5 | 11.36 45 | 33:22 [75 | 48:43 

1612.22 46 | 34- 2 76149. 1 
17113. 9 47 | 34 41 77 14917 

118 | 73:55 4835-19 178149 33 
19 | 14:40 49] 35+57 79 | 49:47 

20 |15-25] [SO[ 36:38 03 12: 
21 | 16.11 [51 an 181 50.12 
22 | 16.57 52] 37-47 1824 50 23 

23 | 17:42 53] 38-24 $3150.32 
24 | 18.27 7439. 0 $4] 50.41 

2s [1912] [553935] |85| £2.48 

26 | 19.56 56140. 9 86150 54 
27 | 20:40 59142443], 8; | 50.58 
28 | 21.25 581] 41.17 88151. 1 

| 29 2210 59| 41-46 89 | 51» 3 

Jo 22:54 | 60 42+2] go Jo. © 


Now the Dial to be thus uſed, is made aſter the pnte 14: 
following manner. Having drawn from the Root of Big. 25. 
the Gnomon A the Meridian Line AB, mark upon thar 
Meridian the Points of the Signs; for example the 

ö v4 Point 
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Point of the beginning of M, from the foregoing Ta- 
ble of the refracted Angles, and the Table of the Al- 
titudes of the Sun upon the Horizon, by drawing from 
the Root of the Gnomon A the Line AD perpendicular 
to the Meridian AB, and equal to the Gnomon AC; 
and by making at the Point D the Angle ADB of the 
refracted Diſtance trom the Zenith, which in the be- 
ginning of yy is at Noon abour 48 degrees , making 
this Angle, I iay, with the Line DB, which will mark 
upon the Meridian the Point B ot VS. And ſo of the 
reſt. 

To find the reſracted diſtance of the Sun from the 
Zenith, look firſt upon the Table of the Altitudes of the 
Sun, where you find that in the beginning of M the 
Sun at Noon is rais'd upon the Horizon 17. 29 and 
conſequently is diſtant from the Zenith 72. 30, and 
taking this diſtance for an Ang e of Inclination, 
you'll find by the Table of retracted Angies, That 
this Angle of Inclination is changed into an Angle of 
48 degrees for the refracted Diſtance of the Sun from 
the Zenith. . 

The ſame is the method of finding by theſe two Ta- 
bles, the refracted diſtance of the Sun from the Zenith 
in the beginning of any other Sign, and that not only 
at Noon, but at the other Houts of the Day; which 
will direct you to find the Points, and at the ſame time, 
the Points of the Signs from the Table of the Sun's 
Verricals, afrer the following manner. 

To find, for example, the Point of the beginning of 
Wand of r a-clock, at which time the Sun is on a 
Vertical diftant from the Meridian 14. 19'. make with 
the Meridian AB at the Root of the Gnomon A the 
Angle BAF of 14, 19'. by the Line AF which repre. 


ſents the Sun's Vertical. And having drawn from the 


ſame Root A, the Line AE perpendicular to AF and 
equal to the Gnomon AC, make at the Point E the An- 
gle AEF equal ro the refracted diſtance of the Sun 
rom the Zenith, which will be found 48, 18'. And fo 
you have in F upon the Vertical AF, the Point of 1 a- 
clock and of W. | 
By the ſame procedure you'll find the other Points 
of the Signs and other Hours ; and if you joyn with 


Curve Line thoſe which retain to the ſame Hour, 


and in like manner thoſe retaining to the ſame 1 
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the Dial is finiſh'd ; upon which you'll know the 

Hours by Refraction, when the whole Gnomon AC 

is cover'd with Water, and the Root of the Gnomon 

is turn'd directly South, ſo that the Point B ſets 

North; and at the ſame time the end of the Sha- 

gow of the Gnomon denotes the Sign in which rhe 
un 38. 
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PROBLEMS 


COSMOGRAPHY. 


OSMOGRAPHY, according to its Ety- 

mology, is the Deſcription of the World, that 

1, of Heaven and of Earth. Tis divided into 
the General, which confiders the whole Univerſe in 
general, and advances the ſeveral Ways of deſcribing 
and repreſenting ir, according to the divers Sentiments 
of Philoſophers and Mathematicians: And the Particu- 
lar, which is properly call'd Geography, becauſe it re- 
preſents in particular every part of the World, and 
eſpecially the Earth, both in Globes and Planiſpheres 
and Maps of the World. I do not pretend upon this 
Occafion to write a particular Treatiſe of theſe. two 
Parts; but only to lay before you ſome uſeful and a- 
greeable Problems that depend upon em. 


PROBLEM LI. 


To find in all parts and at all times, the four Cardinal 


Points of the World, without ſeeing the Sun, or the 
Stars, or making uſe of a Compaſs. 


HE Four Cardinal Parts of the World, viz. the 
Eaſt, the Weſt, the South and the North, are ea- 
fily found by a Compaſs, the Needle of which being 
rouch'd with a Loadſtone, turns always one of its 
Points towards the South and the other towards the 
North, which is enough to direct us to Eaſt and * 


c TIF 


Stars, "tis not eaſy to know which o 


Problems of Coſmography. 
for when one ſers his Face ro the North, the Eaſt is on 
his Right and the Weſt on his Left hand. 

The North is eaſily diſtinguiſh'd in the Night by the 
Stars, particularly by minding the Polar Star which is 
but two degrees diſtant from the Arctick Pole: And 
in the Dav-· time Aſtronomers mark the Meridian Line 
upon an Horizontal Plain, by means of the two Points 
of a Shadow mark'd before and after Noon upon the 
Circumference of a Circle deſcrib'd from the Point of 


the Stylus, the Shadow of which is made uſe of to 


ſhew by its extremity upon that Circumference two 
Points equally remote from the Meridian. 
But without all theſe Helps you may at all times 


and in all parts find out the Meridian Line, after the 


following manner. | 


Take a Platter or Baſin full of Water, and when the 


Water is ſettled and ſtill, pur ſoftly into ir an Iron or 
Steel Needle, ſuch as a common ſewing Needle ; and 
if the Needle is dry, and be laid all along upon the Sur- 


face of the Water, twill not fink; bur after ſeveral - 


turns will ſtop in the Plan of the Meridian Circle, fo 
that ic repreſents the Meridian Line ; and by conſe- 
quence one end of it will point to the South and the 
other to the North: But without 2 the Sun or the 

the two ends 
points to the South, and which to the North. 

Father Kircher lays down an eaſy way of knowing 
South and North. He orders you to cut horizontally 
a very ſtraight Tree growing in the middle of a Plain 
at a diſtance from any Eminence or Wall that may 
ſhelrer it from the Wind or the Rays of the Sun: In the 
ſection of that Trunk you'll find ſeveral curve Lines 
round the Sap which lie cloſer on one fide than t'other: 

And, as he ſays, the North lies on that fide where 
the Lines are moſt contr cted, perhaps becauſe the 
Cold arifing from the North binds up, and the Hear 
from the Sourh ſpreads and rarifies the Humours and 
Matter, of which theſe crooked Lines are form'd. Theſe 
Lines, 4ays that Anthor, are as the Circumferences of 
conceatrical Circles in Ebony or Braſil Wood. | 


; 
* 
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PROBLEM II. 
To find the Longitude of 1 propos d Part of the Earth, 


BY the Longitude of a place we underfiand the di- 

ſtance of its Meridian from the firſt Meridian, 
which paſſes thro the Iſland de Fer, the moſt Weſtern 
of the Canary Iſlands. This diſtance is compured 
from Weſt to Eaſt upon the Æquator, in imitation of 
the motion in Longitude of the Plane!s, which is like- 


wiſe from Weſt ro Eaſt, and is computed upon the De- 


ferens ot each Planet, which is call d Exceatrick, be- 
cauſe they ſuppoſe it ro be excemrical ro the Earth, 
for the explicarion of the Apogeum or the remoreſt ſta- 
tion of the Planer from the Earth, and the Perigæum or 
its neareſt place of approach ro the Earth. 

In the Maps of the World or the general Maps, we 
have the degrees of Longitude mark d upon the Æqua- 
ror from 10 to 10 degrees, reckoning from the firſt 
Meridian Eaſtward to 360 degrees; ſo that the firſt 
Meridian is the 360th Meridian, the Geographers ha- 
ving thought it fit ſo to compute their terreſtrial Lon- 
girude, as the Aſtronomers did their Celeſtial upon 
the Ecliptick, from the Vernal Section, z. e. from 
the beginning of the Conſtellation of Aries, where the 
Aquator and the Ecliptick cut one another, with re- 
ſpect to the fix d Stars. 

'Tis evident that thoſe who are under the ſame Me- 
ridian, have the ſame Longitude ; and that thoſe that 
are under the firſt Meridian, have no Longirude at all; 
and in fine, that thoſe who live more to the Eaſtward 
are under different Meridians, and then the diſtance of 
one Meridian from another is cali'd Difference of 
Longitude ; which gives us to know how much ſooner 
'tis Noon ar ane place than at another that lies more 
Weſt ; it being a ſtanding Rule, that when the oiffe- 
rence of Longicude comes to be 15 degrees, twill be 
Noon an Hour ſooner in the Place that lies fo far 
more Eaſt than the other, becauſe 15 degrees upon the 
Aquator make an Hour, the whole 360 making 24 
Hours or a diurnal Circumvolutior. 


Thus we ſee that in order to know the Longitude of 
any 
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any part of the Earth, we need only to know what Hour 


of their Computation corteſponds to the Hour compu- 
ted at the ſame time under the firſt Meridian; for if 
you convert that difference of Hours into Degrees, 
raking 15 Degrees for an Hour, 1 Degree for 4 Mi- 
nutes of Time, and-i Minute of Degrees for 4 Se- 
conds of Time, you have the Longitude of the Place 
propos'd, To know this difference of Hours, you 
may make uſe of ſome viſible Sign in the Heavens, 
obſerv d at the ſame time by rwo Mathematicians, one 
under the firſt Meridian, the other under the Meridian 
of the Place propos d. The Ancients for this end 
made uſe of the Eclipſes of the Moon, and at preſent 
regard is had to the Ecliples of the firſt of the Satelli- 
tes of Jupiter, which happen of:ner, and whoſe Im- 
merſions or Emerſions are with more facility obſery'd 
with a Teleſcope. | 

When once you have diſcover'd the Longitude of a 
Place, you have no further Occaſion to have recourſe 
to the firſt Meridian for the Longitude of any other 


place, ir being ſufficient ro know bow far that Place 


15 more to the Eaſt or Weſt than the Place you know 
already. Neither is there any occaſion for two Ma- 
thematicians, for making the Obſervation laſt mention d. 
fince one Man can obſerve in the place where he is, 
the Hour of the Emerſon or Immerſion of the Satel- 
lites, and compare that with the Hour of the Place 
whole Longitude he knows, ſer down in Monſ. Caſſini's 
Tables; for theſe Tables ſiew the Hour at Paris of 
the Immerſion or Emerſion. 
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From what has been ſaid, we may learn the truth of Remark: 


that Paradox, Ouælibet Hora eſt omnis Hora , which 
ſhou'd be underſtood of Places under different Meri- 
dians; for 'tis certain that when tis Noon at Paris, 
tis an hour after Noon at Vienna in Auſtria, and in 
all the other places that lie 15 degrees more Eaſt} than 
Paris; at Conſtantinople tis two a-clock in the After- 
noon, and ſo on. * 

Hence it follows that of two Travellers, one going 
Weſt obſerving che Courſe of the Sun, and the other 
Eaſt contrary to the Courſe of the Sun, the firſt muſt 
have longer Days than the ſecond, inſomuch that atter 


à certain time the ſecond that goes Eaſtward will have 


teckon d more Days than he that goes Weſtward. Los 
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This gave riſe to the ſtory of two Perſons that were 
Twins, one of whom travell'd to the Eaſt and the 
other to the Weſt, and tho they both died at one time 
the one had liv'd more Days than the other. 

As the Latitude is divided into Septentrional and 
Meridional, extending to 90 degrees towards the two 
Poles, on one fide and t other of the Equator; ſo Lon- 
gitude might have been divided into Oriental and Oc- 
cidental, extending 180 degrees on one fide and t other 
the firſt Meridian: Which wou'd be very convenient 
to let us know, for example, that when tis Noon un- 
der the firſt Meridian, tis but 8 a-clock in the Mor- 


ning in the Iſland of Cuba, the Weſtern Longitude of 


which, is 60 degrees. 


PROBLEM III. 
To find the Latitude of any Part of the Earth. 


Y Latitude, with reſpect ro the parts of the Earth, 

we mean the diſtance of the Place propos d from 

the ÆEquator, which is meaſured by an Arch of the 
Meridian of that Place between irs Zenith and the 
Æquator. This Arch is always equal to the Elevation 
of the Pole, which is an Arch of the ſame Meridian be- 
tween the Pole and the Horizon; and hence it comes 
that commonly Latitude is confounded with the Ele- 
vation of the Pdle ; fo that thoſe who have no Lati- 
rude, i. e. who live under the Zquator, have no Ele- 


vation of the Pole, the two Poles of the World being 


at their Horizon. | 

The Latititude of any Place of the Earth may be 
known at Noon time of Day by the Meridian Altitude 
of the Sun and its Declenfion ; and in the Night time 
by the Meridian Altitude of ſome fix d Star and its 
Declenſion, and even without its Declenſion, when the 
Star do's not ſer, and the Night is longer than 12 
Hours, as I am about to ſhew you. 

To find the Latitude of any Place by the Meridian 
Altitude of the Sun, add to that Meridian Altitude, 


the Declenſion of the Sun, if the Declenſion is meridio- 
nal, which it is from the Autumnal to the Vernal Equi- 
nox ; or if the Declenſion is Northern, which it is 


from 
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from the Vernal to the Autumnal Equinox, ſubſtract 
it from the Meridian Altitude: And thus you have the 
Height of the Æquator, which ſubſtracted from 90 
degrees, leaves remaining the Latitude ſought for. 
The ſame is the Operation in the Night time with 
reſpect to the Stars that are Southern or Northern 
without ſetting, as in the caſe of the Stars near the 
Pole that's eleyated above the Horizon. As ſoon as 
Night is come take the Meridian Altitude of ſuch a 
Star, and 12 Hours after in the Morning take the Me- 
ridian Altitude of the ſame Star; then add theſe two 
Altitudes together, and half the ſum gives the Elevati- 
on of the Pole upon the Horizon. 


PROBLEM IV. 


To know the Length of the longeſt Summer Day at a 
— Place of the Earth, the Latitude of which is 
nown, : 


F O know, for example, at Paris, where the Elevati- 
on of the Pole is about 49 degrees,the longeſt Sum- 
mer Day, which is of equal extent to the longeſt Win- 


ter Night. Deſcribe at pleaſure from the Center D 
the Semicircle ABC, and upon one fide of it take the 
Arch CE of the Elevation of the Pole upon the Horizon, 


which 
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| the Arch BK, of 60 degrees, which is the diſtance of 
the propos d Sign, from the beginning of S 3 
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which in this Example is 49 degrees; and on the other 
fide the Arch AF of the Complement of the Elevation 
of the Pole, which in this ſuppofition is 41 * 0 


then draw from the Center D to the Points E, 


Lines DE, DF, the ficſt of which DE will repreſent the 

Circle of fix Hours, and the ſecofid DF the Xquaror, 

taking the Circle ABC for the Meridian of the Place 

propos'd, and the Diameter AC for rhe Horizon, ac- 

roy = Rules of the Orthographick Projection 
the re. 

This done take the Arch FB of the greateſt Declina- 
tion of the Sun, which is about 23 degrees and a half; 
and having drawn from the Point B parallel ro the 
Line DF, the Line BH, which here cuts the Circle of 
fix Hours at the Point G, and the Horizon at the 
Point H; deſcribe from the Point G as à Center thro 
the Point B, the circular Arch BI, which is rerminated 
in I by the Line HI parallel to the Line DE, or per- 
pendicular to the Line BH, This Arch BI is here 120 
degrees, or an Arch of 8 Hours, reckoning 1 Hour for 
15 degrees, the double of which gives us ro know that 
at Paris and at all other places where the Pole is ele- 
vated upon the Horizon 49 degrees, the longeſt Sum- 
mer Day, or the longeſt Winter Night, is 16 Hours, 

The Arch BI being 120 degrees or 8 Hours, ſhews 
that the Sun ſets on the longeſt Summer Day, or riſes 
on the ſhorteſt Winter Day, at 8 a- clock; and con- 
ſequently that it riſes on the longeſt Summer Day, and 
ſets on the ſhorteſt Winter Day, at 4 a- clock; which 
happens when the Sun is in the Summer or Winter 
Tropick. And by the ſame method may we find the 
Hour of the rifing and ſetting of the Sun, when tis in 
any other Sign of the Zodiack, for example, in the be- 
ginning of G and of , provided we know how to 
deſcribe rhe Parallel of that Sign, which is done after 
the following manner. 

Having drawn from the Center D which repreſents 
the Point of the Eaftern and Weſtern ÆEquinoctial, ro 
the Point B. which repreſents the Solſtice Point of 55 
or of VS, the Line DB, which by conſequence repre- 
ſents a Quadrant of the Ecly ptick, and having taken 
upon the Meridian or the Colurus of rhe Solftices ABC, 
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by the Point B, becauſe we ſuppoſe the Colurus of the 
Solſtices agrees with the Meridian; draw from the 
Point K the Line KL perpendicular ro the Line DB,and 
thro the PointL the Line MN, which repeſents the Parab 
lel of 75, and cuts the Horizon AC ar N, and the Axis 
of the World DE at O; from which Point, as a Cen- 
ter, deſcribe thro the Point M the Arch MS, which will 
be terminated in P by the Line NP parallel to the 
Line DE, or perpendicular to the Line MN; and this 
Arch NP being reduced ro Hours, after knowing its 
degrees and minutes, will give the Hour inquir'datrer. 


he Arch FM is the Declination of the propos d Remak. 


Sign, the diſtance of which to the neareſt Equinox 
is ſuppos'd to be 30 degrees; the Arch DV the ori- 
ental or occidental Amplitude of the ſame Sign, with 
reſpect to the Horizon AC, which we ſuppoſed to be 49 
degrees oblique; and the Arch ON is the aſcenſional 
difference, which ſhews whar ſpace of Time, the Sun 
(being in the propos'd Sign) riſes or ſers before or atrer 
fix a- clock upon the ſame Horizon. Theſe Arches are 
Geometrically calculated in this Figure; bur a more 
exact computation may be had by Trigonometry, after 
the following manner. 

To know firſt of all the Arch FM, ſuppoſing. the 
Arch FB or the Angle FDB, that is, the Obliquity of 
the Eclyptick, to be 23. 30“: Obſerve the following 
Analogy, in which we uſe Logarithms, theſe being ve- 
ry convenient in Spherical Trigonometry. 


As the whole Sine I 80000000 
To the Sine of the diſtance between 
the Sign propos d, and the neareſt Equinox 96939700 
So is the Sine of the Obliquity of 


the Ecliptick 96006997 
To the Sine of the Declenſion 
fought for 92996697 


Which will be found 11 degrees 30 minutes. 
For. the Amplitude DN, obſerve the Declenfion 
found bur now, and make the following Analogy : 


X 4 
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As the Sine of the Complement to the > 
Height of the Pole | 93169429 


To the Sine of the Declenſion found 92996697 
* So 1s the whole Sine 100000 000 


To the Sine of the Amplitude 


ſought for | 94827268 


Which will come to 17 degrees and about 41 minutes. 

To find the Aſcenſional Difference NO, take in a- 
gain the Declenſion found, and make the following 
Analogy : 


As the whole Sine © ID0000008 
a the Tangent of the Declenfion A 
found ' 93084626 
So is the Tangent of the Elevation | 
of the Pole | , 100608369 
To the Sine of the Aſcenſimal 
Difference 93692995 


Which comes to 13 degrees and 32 minutes; and theſe 
being reduced to time (by ſaying, if 15 degrees give 
1 hour, or 60 minutes, how much will be given by 
13. 32, or 8120.) ſhew that the Sun, when in the be- 


ginning of & or of M ſets. at 6 a- clock and 54 mi- 


nutes, and by conſequence riſes at 5 and 6 minutes. 


PROBLEM V. 


To find the Climate of a propos'd Part of the Earth, the 


Latitude of which is known, 


Va Climate we mean a ſpace of the Earth, in the 

form of a Zone or Girdle,terminated by two Circles 
parallel to one another and to the Equator; in which 
ſpace, from the Parallel neareſt the Aquator to that 
towards the Pole, the longeſt Summer's Day varies, 
that is, increaſes or decreaſes, half an Hour. 

In regard the Climates are reekon d from the qua- 
tor, under which 'tis always twelve Hours Day and 
12 Hours Night, towards one of the Poles; and thoſe 
who ate remote from the Æquator have above 12 Hours 


in their longeſt Day, and ſtill the more the remoter they 


are 
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are; it follows that the firſt Climate terminates, where the 
longeſt Day is 12 Hours and a half; the ſecond where 
the longeſt Day is :3 Hours, and fo on, to the termi- 
nation of the 24th Climate, where the longeſt Day is 
24 Hours which happens under the Polar Arctick ot 
Antarctick Circle the Elevation of the Pole being there 
66. 30... Beyond that we reckon no Climates, becauſe 
in advancing never ſo little further towards the Pole, 
the longeſt Day increaſes more than half an Hour; and 
upon that Conſideration the Moderns have added to 


the 24 Climates above-mention'd, fix of another Na- 


ture, from the Polar Circle to the Pole, in each of 

which the longeſt Day increaſes a whole Month. 
Thus, to know in what Climate is any propos'd 

Place of the Earth, the Latitude of which is known; 


we need only to find by the fore- going Problem the 


longeſt Summer's Day, and from that ſubſtract twelve 
Hours; for the Remainder doubled gives the Climate. 
For example, at Paris, where the Elevation of the 
Pole is 49 degrees, the longeſt Summer's Day is 16 
Hours, from which if you take 12, the Remainder is 
4, the double of which 8 ſhews that Paris lies in the 
eighth Climate. 
As the Longitudes diftinguiſh the moſt Oriental or 
Occidental Countries, and Latitudes the bearings to 
South or North; ſo the Climares diſtinguiſh Coun- 
tries by the length or ſhortneſs of their Days. For by 
the knowledge of the Climate. we may cafily find the 
longeſt Summer's Day by an Operation contrary to the 
eding, viz. by adding 12 to balf che number of the 
Climate, the * of which Addition is the quantity of 
the longeſt Day. Thus knowing that Paris is in the 
8rh Climate, I add 4 the halt of 8, to 12, and ſo 
learn that 16 Hours is the meaſure of the longeſt Sum- 


mer Day at Paris. 
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PROBLEM VL 


To find the Extent of a Degree of a great Circle of the 


Earth, 


CUppoling the Earth to be round and its Center the 
ſame with that of the World, a degree of one of its 
Circles will anſwer to a degree of the like correſpond- 
ing Circle in the Heavens; and ſo when a Perſon goes 
a degree of the Earth upon rhe ſame Meridian, direct- 
ly South or North, his- Zenith alters likewiſe to the 
extent of a degree in the Heavens under the correſpond- 
ing Celeſtial Meridian; and by conſequence the Ele- 
vation of the Pole is a degree alrer'd. In like manner, 
if one travels a degree of the Earth on the Æquator 
directly Eaſt or Weſt, his Zenith is a degree different 
from what it was under the Celeftial Æquator, and 
2 the Longitude is changed to the extent of 
a degree. | 
This Alteration being obſerv'd by the repeated Ex- 
2 of ſeveral Aſtronomers in different parts of the 
rth, we may from thence eonclude that the Earth is 
round from South to North, and likewiſe from Faſt to 
Weſt; and that tis ſeated in the Center of che World, 
or at leaſt in the middle of the Celeſtial circumvoluti- 
ons. From the ſame Obſervation we learn the man» 
ner of finding in Leagues or any other Meaſure the 
quantity of a Degree of one of its great Citcles, 55 
are all equal, viz. by pitching upon two Places of the 
Earth ſituate under the ſame great Circle, for example 
under the ſame Meridian, the mutual diſtance of which 
and their reſpective Latitudes are exactly known; for if 
we ſubſtract the leaſt of the two Latitudes from the 
greateſt, we have the Arch of their common Meridian 
intercepted between the propos d Places. By this means 
we learn that a certain number of Degrees and Mi- 
nutes of a great Circle of the Earth, anſwers to a cer- 
rain number of Leagues, which is ſufficient to ſhew us 


the extent of a Degree of the ſame great Circle, and 


even the whole Circumference of the Earth; fince we 
may argue by the Rule of three ditect, If ſo many 
Degrees and Minutes anſwer to ſo many Leagues, 

how 
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how many Leagues will one Degree anſwer ; or 360 


Degrees, if you want to know the whole Circuit of 


the Earth ? 5 

Ler's ſuppoſe that two Places pitch d upon, are Paris 
and Dunkirk, ſituate under the ſame Meridian, and 
diſtant from one another about 62 Pariſian Leagues, 
of 2000 Toiſes each; The Latitude of Paris is 48. 31. 
which ſubſtracted from that of Dunkirk, viz. 51. 1. 
leaves remaining 2. 100. or 130 Minutes for the Arch 
of the Meridian comprehended between Pars and Dun- 
kirk. Now I know that an Arch of a great Circle of 
the Earth of 130 Minutes is 62 Leagues; and in order 
ro know from thence how many Leagues go to a De- 


gree or 60 Minutes of the ſame Circle, I multiply theſe 


60 Minures by 62 the diſtance berween Pars and Dun- 
kirk. and. divide the Product 3720 by 130 (the number 
of Minutes of the Arch of rhe Meridian common to 


both Places) and the Quotient gives about 28 Paris 


Leagues for the extent of a Degree of a great Circle 
of the Earth. | 

I faid, about 28 Leagues ; upon the conſideration 
that the Gentlemen af the Royal Academy of Sciences 


have found by Experiments that a Degree of the Earth 


is 57060 Toiſes of the. Chatelet meaſure at Paris; 
which 57060 Toiſes, amount to a little more than 28 
Parifian Leagues of 2000 Toiſes each, as appears by 
dividing 57060 by 2000, for the Quotient is 28, with 
a Remainder of 1060 to be divided by 2000, which 
makes about hal? a League. 

A Toiſe of the Chatelet of Paris is divided into 6 
Foot, and if you divide that Foot into 1440 parts, the 
Rheinland or Leyden Foot will contain 1390 of em, 
the London Foot 1350, the Boulogne Foot 1686, ang 
the Florence Fathom 2580, 


PROBLEM VIL 


To know the Circumference, the Diameter, .the Surface, 
and the Soldity of the Earth, 


of the Earth, by reaſon of the high Mountains and 
yalt Seas, which can't be brought into a ſtraight Line; 
PT 3 yer 


T'HO!' we can't actually meaſure the Circumference - 
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yet we may eaſily adjuſt it by the Rules of Aftronomy ; 
as well as its Diameter, Surface and Solidity, by the Prin- 
ciples of Geometry; as I am now about to ſhew you. 
Firſt of all, ro know the Circumference of the 
Earth; having found by the foregoing Problem that a 
Degree of this Circumference is 28 Pariſian Leagues, 
we multiply theſe 28 Leagues by 360, that is, the 
number of Degrees of the Circumference of the Earth, 
and the Product gives 10080 Pariſian Leagues for the 
Circuit of the Earth. | 
In the ſecond Place; To find the Diameter of the 
Earth, or the diſtance from us to our Anti podes: Con- 
ſidering that the Diameter of a Circle is to its Circum- 
ference, as 100 to 314, or as 50 to 157, and that the 
Circumference of the Earth is already found to be 
10080 Paris Leagues, I multiply theſe 10080 Leagues 
by 50, and divide the Product 504000 by 157, and 
the Quotient gives 3210 Leagues for the Diameter of 
the Earth. 1 
la the third place; To find in ſquare Leagues the 
Surface of the Earth, we need only ro multiply its 
Circumference, 10080 Leagues, by its Diameter, 3210 
Leagues, and the Product gives 32356800 ſquare 


Leagues upon the Surface of the Earth. 


In the laſt place; To find in Cubical Leagues the 
Solidity of tbe Earth, we multiply its Surface, +37. 
32356800 ſquare Leagues, by 335 the ſixth part of its di- 
amerer (3210) and the Product brings us 17310888000 
cubical Leagues for the Solidity of the Earth. 

In the foregoing Operations, we over- look d the Fra- 
ctions of the Diameter of the Earth, which gave us 
the Surface ſomewhat imperfect, and the Solidity yet 
more imperfect. But if you want to have the Surface 
and the Holidiy more exactly, without having recourſe 
to the Diameter of the Earth, mind only the Circum- 
ference of the Earth, which came preciſely to 10080 
Parifian Leagues, and proceed as follows. 

' Firſt, to find the Surface of the Earth, the Circumſe- 
rence of which is 10a8o Leagues, multiply 10080 info 
it ſelf, and thus you have its Square 101606400, and 
that multiplied by 50 gives the Product 5080320000, 


which Product divided by 157 yields in the Quotient 


32336814 ſquare Leagues for the Surface of the Earth. 
Fae 11 * (448 8 47 1 ma Again, 
fo, i; 


thence calculate 
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Again, for the Solidity of the Earth, multiply its 
Circumference 10082 into it ſelf, and fo you have its 
Square 16160640, which Fiplied by rhe Circum- 
ference again gives its cc 92512000, and this 
multiplied once more by yields the Product 


1280240640000000 ; and this Product divided by 


73947 gives in the Quotient 17312949004 Cubical 
Leagues for the Solidity of the Earth. | 


COROLLARY I. 


Since the Circumference of the Earth is 10080 


Leagues, we may readily infer from thence, that if 
the Earth moves round its Axis from Weſt to Eaſt, ſo 
as to finiſh irs Circumvolution in the ſpace of 24 hours, 


a place upon the Earth ſituate under the Æquator which 


is a great Circle, muſt run by vertue of the Motion of 
the Earth 420 Leagues in an Hour; for 10080 divided 
by 24, yields 420 in the Quotient: And 420 divided 
by 60 yields in the Quotient 7, which ſhews that the 
ce propoſed muſt run 7 Leagues in a Minute of 
ime. 3 | 5 


SAS 


Since the Diameter of the Earth is 3210 Leagues, we 
conclude that its Semidiameter or the diſtance of its 


Center from irs Surface is 1605 Leagues. i. e. the half 
of 3210. From whence this Conſequence do's natural- 
1y ariſe, Thar, It 'rwere poſſible to dig a deep Well to 


the Center of the Earth, the _ of that Well wou d 
be 1605 Leagues or 3210000 Toiſes, as appears by 
multiplying 1605 by 2000, the number of Toiſes in 
a Pariſian League. | 


COROLLARY In. 


Since a Well as deep as the Center of the Earth 


Toiſes, in depth, we may from 
e time that a Stone or any other Bo- 
dy thrown from the ſurface of the Earth down this 
Well, which is ſuppoſed to be empty, we may calcu- 
late, I ſay, the time that a Stone thus thrown wou d 


wou d be aue 


| ſpend in reaching to the bottom, provided we do but 
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know by any ſolid Experiment in what meaſure of 
time a heavy Body falling freely in the Air, flies thro 


= « 


1 * 
. 


a derermin'd ſpace. 


Root of which is 179 Minutes, which make almoſt 
3 Hours, for the Time that the ſame heavy Body will 
imploy in deſcending to the Center of the Earth. 
* Here we ſhall obſerve by the bye, that if this Well 
were continued to the Antipodes, ſo as to make a tho- 
rough Perf6ration' in the Earth, the Body thrown 
down the Well from the ſurface of the Earth. wou'd 
not ſtop on a ſudden at the Center of the Earth, tho 
indeed that be the loweſt place; for the great velocity 
of the Motion with which tis carried to the Center, 
Vou'd throw it beyond the Center, and make it real. 
cend towards the Antipodes with a Motion that wou d 
gradually ſlacken, and near the Surface of the Antipodes 
part of the Earth wou d entirely ceaſe, upon which the 
Body wou'd fall back again and over- reach the Center 
of the Earth advancing towards us; inſomuch that for 
ſome time abſtracting from the reſiſtance of the Air, this 
heavy Body wou d continue to move to and fro, by ſe- 
veral Vibrations, almoſt of equal duration, tho ſtill 
leſſer and leſſer, till at laſt the Mobile finds a Reſtiog- 
place in the Center of the Betts % 3o „ ods 
All we have ſaid of the menſuration ot the Earth, 
goes upon the ſuppoſition of urs being perfectly round; 


tho indeed ſtrictly ſpeaking tis not ſo, by reaſon of the 


heighr of the Mountains, which is only conſiderable 
with reſpect to us, fort with teſpoct tothe Earth ir ſelf 
tis very inconſiderable; as appears from the following 
Table taken by Father Kircher, -which lays down in 
Geometrical Paces the heighrh'6f thg moſt conſiderable 
Mountains in the World; as far we are able to 
judge of it by the length of their Shadow. 
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Mount Pelion in Theſſaly 1250 
Mount Ohmpus in Theſſaly 1269 
Catalyrium 1680 
Cyllenon 1875 
Mount ena, or Mount Gibel in Sicily 4000 
The Mountains of Norway 6000 
The Peck of the Canaries 10900 
Mount Hemus in Thrace I 0000 
Mount Atlas in Mauritania I 5000 
Mount Caucaſus in the Indie: I 5000 
The Mountains of the Moon 15000 
Mount Athos between Macedonia and 
Thrace * . 20000 
., Stolp, the higheſt of the Ryphean Moun- 
rains in Scythia. 07-9579 285000 
| — 2446763 en 


PROBLEM VII. 


To know the extent of « Degree of 4 propos d ſmall Circle 
ef the Earth. ; | | 


| Frer findin by the 6th Problem the extent of a 


Degree of a great Circle of the Earth, you may 


eaſily take the meaſure of a Degree of a {mall Circle, 
for example of a Circle parallel ro the Equator, which 


we commonly call barely a Parallel; this, I ſay, you 
may eaſily meaſure, provided the diftance of the Paral- 


lel from the Æquator is known, This is of ule to Geo- 
graphers imployed in drawing Chorographical Maps 
and laying down the diſtances of two Places- of the 
Earth ſituate under rhe ſame Parallel, tbat is, equidi- - 


ſtant from the Equator. 


a 7 
- - 
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Suppoſe one wants to know the meaſure of a De- 
gree of the Parallel of Paris, which is about 49 De- 
grees diſtant from the Æquator, and the quantity 
of a degree of the Æquator to be 28 Leagues, we draw 
the Line AB of what Length we pleaſe, for one De- 
gree of the ERquator, and divide it into 28 equal parts, 
each of which repreſents a League; then we deſcribe 

from the Extremity A, diſtance B, an Arch of a Circle 
49 Degrees ; and draw from the Point C the Line 
CD perpendicular to the Line AB ; and in regard this 

Line CD cuts off from the Line AB, the Part AD con- 
raining about 18 Leagues, we conclude, that one Degree 
of a Parallel diſtant from the Kquator 49 Degrees is 
18 Parifian Leagues. This Meaſure may be taken 
with greater facility and exactneſs, by Trigonometry, 
after rhe following manner. 
2 d Let AB be 


| B | | the Axis of - the 

| SAT | World, of which F 
ht HllS eat :« A and B are 

| J the two Poles, 
L and ACBD one 
* of the two Colu- 
D mis's: Let CFD 

be the Æquator, 


GHI the Pa- 
el, of which 


- WM: Dine hin 


E 


the Diameter GI 
is perpendicular 
0 


"WD, nA dADTz yu 


is to a Degree of the 
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to the Axis AB, and DI or CG irs diſtance from the 
Aquaror is ſuppos'd to be 49 Degrees, in which caſe 
the Complement AG or AI will be 41 Degrees. | 
Tis evident that with reſpect to the whole Sine CE 
the Semidiameter GK is the Sine of the Arch AG the 
Complement of the diſtance of the Parallel. Tis e- 
qually evident, that, CE the Semidiameter of the E- 
uator, or the whole Sine, is to its Circumference, as 
K the Semidiameter of the Parallel or the Sine of the 
Complement of the diſtance of that Parallel is to its 
Circumference; and conſequently that the whole Sine 
Aquator, as the Sine of the 
Complement of the diſtance of the Parallel is to a De- 
gree of that Parallel; and foraſmuch as a Degree of 
the Æquator is known to be 28 Pariſian Leagues, the 
N will ſhew how many ſuch Leagues 


are in a Degree of the Parallel. 
As the whole Sine 100000 
To 4 Degree of the Equato r 28 
So is the Sine of the Complement of the 
diſtance of the Parallel from the Aquator 65606 
To a Degree of that Parallel 13 


Having thus diſcover'd the quantity of a Degree of 
the Parallel of Paris, you may eafily know, if you 
will, the whole Circumference of that Parallel, by mul- 
tiply ing the found quantity 18 by 360, or, which is 
more exact, by the following Analogy : 


As the whole Sine 


| 5 100000 
© To the Circumference of the Earth 10080 

So 3s the Sine of the Complement of the | 
diſtance of the Parallel from the Aquator 65606 
Io the Circumference of the Parallel 6613 


Here you ſee the Circumference of the Parallel of 
Paris, is about 6613 Parifian Leagues; from whence 
it follows, chat if the Earth moves, the City of Paris or 
any other Point under the ſame Parallel travels from 
Weſt ro Eaſt 6613 Leagues in 24 Hours, and conſe-. 
quently 275 Leagues in one Hour, and about 4 Leagues 
and a half in a Minute of Time. | 


Ro- 
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PROBLEM IX 


To find the diſtance of two propos d * of the Earth, 
the Longs tudes and Latitudes of which are knowns 


TH I'S Probiem may fall under three different Ca- 

les; far the two propos d places may be under 
one Parallel. having the ſame Latitude, and different 
Longitudes: Or under one Meridian, having the 
fame Longitude, bur different Latitudes: Or elſe un- 

der different Parallels and different Meridians, havin 

both Latitudes and Longitudes different. Of each 
theſe Caſes apart. 

For the firſt Caſe ; if the two propos'd places are 
under the ſame Parallel, as Co/ogn and Maſtriche, the 
Parallel of which is diſtant from the Equator North 
50. 50' : Cologn lies more to the Eaft than Maſtricht 
by 6 Minutes of time, which are equivalent to 1. 30 
of the Æquator, or of the Parallel, under which theſe 
two Cities are ſituate ; as appears by the Operation 
upon this Queſtion ; if 1 Hour or 60 Minutes are 
equivalent to 15 Degrees, what Degrees do 6 Minutes 
anſwer to? Now the Arch of the Parallel intercept- 
ed between Colon and Maſtricht being 1. 35', which 
upon the Zquaror is 42 Pariſian Leagues (a Degree 
there being 28 Leagues as above) it remains to (ee 
by the following Analogy, how many ſuch Leagues 
are in this Arch of the Parallel that is 50. 50' diſtant 
from the Equator. i. e. what is the diſtance of the 


F au © .T Aa » © 25S 


. 


two propos d places. 


As the whole Sing, © 100000 

Jo the Equivalent of 1. 30' upon the 
Aquatror,, | Wo "5. 8 
So is the Sine of the Complement of the © | | 
diſtance of the Parallel from the Rquator, 63153 to 
To the diſtance in queſtzon. _..” Le 


Thus you ſee the diſtance between Cologn and Ma- be 
ſtrieht is'26 Pariſian Leagues and a half. > 0095 ral 
As to the ſecord Caſe ; if the two propos'd places 
are under the ſame Meridian, as Paris, the n les 
TY | | | f 


$ 
f 
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of which is 48. 51'. and Amiens, the Latitude of 


which is 49. 54'- The Latitude of Paris being the leaſt, 


ſubſtract it (viz. 48. 51*.) from 49. 54'. the Latitude 
of Amiens; and the Remainder 1. 3“, is the Arch of 


the Meridian taken in between Pari, and Amiens £ 


which convert into Leagues, by working this Queſti- 
on, by the Rule of Three. If one Degree or 60 
Minutes of a great Circle of the Earth is equivalent 
to 28 *Pariſian Leagues, what is 1. 3. or 63 Minutes; 
the anſwer of which is 29 Leagues. 75 

In the laſt Caſe ; if the two propos d places differ 
bot ii in Longirude and Latitude, as Paris and Con- 
ſtantinople, which laſt lies 29. 30“. more Eaſt, and 
7. 45. more South than Paris; imagine a great Cir- 
cle to paſs thro' theſe two Cities, and the Arch of the 
Circle comprehended berween 'em will be found after 
the following manner. 


/ 


* 


Let ABED be the firſt Meridian, and BD the qua- 
tor equally diſtant from the zwo Poles A and C. 
Let AEC be the Meridian o Paris, and GH irs 


Parallel, the Point H repreſenting Paris. Let AEC 


be the Meridian of Conſtantinople, and KLM. its Pa- 
rallel, the Point L repreſenting. Conſtantinople, Let 
HL be the Arch of the great Circle NHLO, that paſ- 
ſes thro the two propoſed places H and I. 7 

is 
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This Arch HL may be known by Trigonometry: 


in the oblique angled ſpherical Triangle HCL, of 
| cod the fide HC (the Complement of 


which we 
EH the Latitude of Paris, or of 48. 51'.) to be 41. 9 
and the fide CL (the Complement of FL, the Lati- 
rude of Conſtantinople, i. e. of 41. 6.) to be 48. 54. 
And the Angle comprehended HCL (or the + i.e 
of the Longirudes BCE, BCF, of the two propos d 
places H, and L) to be 29. 30”. 

Now to find the fide or diſtance HL firſt in De- 
grees and Minutes, draw from the Angle H the Arch 
of a great Circle HP perpendicular ro the oppbſite 
fide CL, and make theſe rwo Analogies : 


As the whole Sine 100000000 

To the Sine of the Complement of | 
the Angle HCL 99396968 
So is the Tangent of the ſide HC 99414585 


To the Tangent of the Segment CP. 99811553 
which you will find to be 37. 25. and that being ſub- 


ſtracted from the Baſe CL or from 48. 54'. leaves 2 


Remainder of 11. 29'. for the other Segment LI, 


4s the Sine of the Complement of the © 
Segment 999506 
72 * Sine of the Complement of the AT 
Segment LP 99912184 
3 is the Sine of the Complement of the 
fide HC 9876789 
To the Sine of the Complement of the 


fide HL. 99680567 | 


which you will find to be 21. 42'. and theſe you're to 
reduce ro Pariſian Leagues by the Rule of Three, 
ſaying, If one Degree or 60 Minutes of a great Cir- 
cle of the Earth is equivalent to 28 Pariſian Leagues; 
what is the equivalem of 21. 42. or 1302 Minutes? 
So you learn that Paris is diſtant from Conſtantinop!: 
607 Leagues. 

When the two places propos d lie at a conſiderable 
diſtance one from another, as in this Example, we 
may without any Calculation find that diſtance with 


almoſt equal exaCtneſs, in Degrees and Minutes of 4 


gres: 


tt 
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great Circle of the Earth, by the Orthographical Pro- 
jection of the Sphere, as I am now about to ſhew 


you. 


Deſcribe from the Center A, with what exrent of 
the Compaſſes you pleaſe, the Semicircle BCDE, 
which ſhall ſtand for the Meridian of Paris. Take 
upon that Semicircle the Arch BF of 48. 51'. ſuch being 
the Latitude of Paris, ſo that F will repreſent the place 
where Paris ſtands, to which you draw from the Cen- 
ter A the Radius AF. | 

Take upon the ſame Semicircle the Arches BC, 
ED, each of em 41. 6'. ſuch being the Latitude of 
Conſtantinople, and draw the Line CD which will re- 
2 the Parallel of 1 and upon that 

arallel you may determine the place where Conſtan- 
tinople lies, after the following manner. 

Having deſcrib'd round CD as Diameter, the Sa- 
micircle CGD, take upon irs Circumference the Arch 


CG of 29. 300. ſuch being the difference of the Lon- 


girudes of Paris and Conſtantinople, and draw from 
the Point G the Line GH Perpendicular to the Dia- 
meter CD, and ſo you have H for the place where 
Conſtantinople ſtands, From this Point H draw the 
Line HI perpendicular to the Line AF, and by mea- 
ſuring the Arch FI, you'll find che diſtance ſought for 
to be about 22 Degrees. 

Here we took BC the Latitude of Conſtantinople in 
the ſame Hemiſphere with BF the Latitude of Paris, 
with reſpect to the Line BE, which repreſents the 
Equaror ; becauſe wheſe two Cities are in North — 

| titude. 


* 
— — —— — — 
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titude. But if one had been in South Latitude, as Per- 
nambouc in Braſil, the South Latitude of which 7. 40. 


it behoved us to have taken the Arch BC of 7. 400 
on the other fide of BE the Æquator, and then go on 


as before, making the Arch CG 44. 15'. that being 


the difference of the Latitudes of Paris and Pernam- 


bouc ; and fince the Arch FI is about 70 Degrees, if 


we reduce theſe 70 Degrees into Leagues, by multi- 
plying 70 by 28, we have 1960 Parifian Leagues for 
the diſtance between Paris and Pernambouc. 


B 


ec 


— 
G | 


When the diftance of the two propos'd places is not 


very conſiderable, ſuch as that of Lions from Geneva, 


the latter of which is 36 Minntes North of the firſt, 
the Latitude of Lions being 45. 46'. and that of Ge 
neva" 46. 22'. and likewiſe 6 Minutes of time Eaſt of 
Lions, which is equivalent to 1. 300. upon the Æqua- 
tor: In this Caſe, I ſay, the foregoing Method, tho 
good in it ſelf, will not ſucceed; and therefore the 
following will do better, which, tho' not Geometri- 
2 will be liable to no ſenſible failure in a ſmall di- 
nce. 

Having drawn the Line AB divided into what equal 
Parts, and of what Magnitude you pleaſe, repreſenting 
Leagues draw perpendicular to it the Line AC of 17 
Leagues taken upon the Scale AB, ſuch being the dif- 

erence 


aße. . lg I Es 


W. 3-3-8. 
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ference of the Laticudes, Which we found to be 36 


Minutes, and thele reduced to Leagues, making about 
17 Leagues. 


— 


6 — — D 


| 


„FTF 


This done, add together the Latitudes of the two 
propos d places, namely, 45. 46%. and 46. 220. and 
take half their Sum 92. 8˙. in order to have the mean 
Latitude 46. 4. with reſpect to which you'll find by 
Problem 8. the quantity of an Arch of 1. 30'. that be- 
ing the difference of the Longitudes of the two places 
propoled. Now this extent of the Arch comes to 
about 29 Parifian Leagues, and therefore you're to 
draw from the Poifft C. parallel to the Line AB, the 
Right Line CD containing 29 of the parts of the 
Scale AB; and then to rake upon the ſame Scale AB 
the length of the Line AD, which proving to be 34 
Parts, ſhews that Lion is, in a ſtraight Line from Gene- 
va, about 34 Pariſian Leagues. 5 

Foraſmuch as the Triangle ACD is Right Angled 
at C, and the fide AC is 17 Parts, and the other fide 
CD 29, we compute the Hypothenuſe AD or the di- 
ſtance inquir'd for, by adding 289 the Square of the 
fide AC to 841 the Square of the fide CD. and ex- 
tracking the iquare Root of be Sum 1130, which 
brings us almoſt 34 Pariſiar Leagues for tbe length of 
the Line AD, or the dittance of the rwo places. A 
being taken for Lions, D for Geneva, and the Line 
AD for the Arch of a great —__ that runs through 


8 . 


Al 
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85 both the Places; for the Line AC repreſents the diſſe 
rence of their Latitudes, or the diſtance of their Paral- 
lels, and the Line CD the mean difference of their 
Longitudes or Meridians. | 


PROBLEM X. 
To deſeribe the Curve-Line, that a Ship in the Sea would 


deſcribe in ſteering its courſe upon the ſame Rumb of 
the Compaſs. 


* 


LE. A the Arch AB, the Center of which is 
C, to be the Quadrant of the Circumference of 
the Terreftrial Rquator, ſo that C will repreſent one 
ot the two Poles of the World, and all the ftraigh 


8 6 


* 


A A e 
Lines drawn from the Center C to the Divifions of 
the Arch AB, as CD, CE, CF, Ge. will repreſent as 
many Aferidians, ' <1 © He 1 -"LOY 
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Let's ſuppoſe ar the ſame time, that a Ship ſets out 
from the Point A of the Æquator, the Meridian 6f 
which is AC, with intent ro go to G by the Ramb 
AH, which makes with the Meridian AC an Angle 
CAH, fuppoſed here ro be 66 Degrees, which is cafl'd 
the Inclination of the Loxodromy.” Now, tis evident 
char if the Veſſel ſets its Head always to the fa 
Point, that 3s, if, when tis at H under the Meridian 
AD, it continue the ſame courſe by the Rumb of 
Vertical Point HI inclin d to the Meridian AD to the 
extent of the ſame Angle of 60 Degrees, ſo that t 
Angle CHI will likewiſe be 60 Degrees; the chte 
Points A, H, I, are not in a ſtraighe Line. Id Hke 
manner if the ſame Ship continues irs coutſe from F, 
under the Meridian CE ro K. which makes with the 
Meridian CE, the Angle CIK alfo of 60 Degrees; 
the three Points, H, I, K, are not in a ſtraight Line, and 
ſo on till you come to L upon the laſt Meridian CB. 
From hence we readily conclude, that the Line 
AHIKL, deſcrib'd by the Ship in ſteering ſtill to che 
ſame Point, which is call'd the Loxodromick Line, or 
barely the Loxodromy, is a Curve- line that always falls 
off from the Poinr G the inrended Porr, and imitates 
the figure of a Spiral Line, which, as you ſee ap- 
proaches ſtill nearer and nearer to the Pole C. — 
If you divide the Loxodromick Line AKL into ſeve- genark; 
ral Parts, ſo ſmall that they may paſs for ftraighr 5 9 
Lines, as AH; HI, IK, Sc. and if you run through 
the points of Divifian as many Parallels or Circles of 
Latitude, all theſe Circles will be equidiſtant from one 
another, ſo that the Arches of the Meridians, DH, 
MI, NK, Ge. will be murually equal, as well as 
the Correſponding Arches AD, HM, IN, ec. not in 
Degrees, but in Leagues, by reaſon of the equality of 
the Rectilineal Right-angled Triangles; ADH, H MF, 
INK, Sc. 
When you know the time ſpent in running upon 
the ſame Rumb with a favourable Wind, a very ſmall - 
Loxodromy; and conſequently know the Arch AD 
which is eaſily reduced to Leagues, allowing 28 to a 
4 Degree; and if at H you take the Elevation of the 
| Pole or the Latitude DH, which is alſo eafily redu- 
of ced to Leagues: You may eaſily compute how far 
; as you have run between A on H, by adding 2 
| „ 
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ther the Squares of the Lines AD, DH, and extraQ- 
ing the ſquare Roor of 'the Sum. | 
Tis vifible that the Loxodromy is a ſtraight Line 


- when there's no Angle of Inclinatjon, that 5s, when 


the Ship ſails North and South, or keeps to the North 
and Sourh Rumb mark'd upon the Compaſs, when 


- the Needle do's not decline; for in that caſe the Veſ- 


ſel advancing upon the Meridian Line, muſt needs de- 
fcribe a ftraight Line, it being the common Section of 
the Meridian and the Horizon. 
The ſame will happen, when a Ship under the Ce- 
leftial Equator, or one of its Parallels, ſets irs Head 
and Sails due Eaft or Weſt, ſo that the Inclination 
of the Loxodromy will be go Degrees; for in that 
caſe the Veſſel deſcribes either a Terreſtrial ÆEquator, 
or one of its Parallels which make with rhe Metidi- 
In fine, tis viſible, That, as we ſaid before, 
a Veſſel ſailing upon the ſame oblique Rumb, ſo that 
the Inclination of the Loxodromy makes an oblique, 


(3. e. an acute or obluſe) Angle; it deſcribes, upon the 


ſurface of the Sea, a Curve-line, ſuch as AKL, in 
ſteering from A ro G, in the oblique Courle AH ; 
for the terreſtrial Meridians CA, CD, CE, CE, Ge. 
are not parallel one to another; and certain it is, 
that if they were parallel, inſtead of deſcribing the 


Curve-line AKL, which with theſe Meridians makes 


equal Angles, twould deſcribe the ſtraight Line AG, 
2 that would make with the ſame Meridians equal 
es. ite, 

This Curve - line AKL reſembles that which would 
be deſcrib d by a heavy Body, as a Stone, falling from 
the ſurface of the Earth to its Center, if it be true 
that the Earth moves round its Axis from Weſt to Eaſt; 
as I 2m now about to ſhew you. 


EER: 


L ! OI os 
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PROBLEM XI. 


To repreſent the Curve-line, that by vertue of the Mi- 


on of the Earth, a heavy Body would deſcribe in fal- 


ing mow from the upper ſurface to the Center of the 


Earth. 


LE T Abe the Center of the Earth, and the Arch 
BC, part of its Circumference, which the Point 
B runs over by vertue of the Motion of the Earth in 
a certain ſpace of Time, as going in _ partions of 
_ chro' the equal Arches BD, DF, FG, HK, 


Upon this Suppoſition, the Semidiameter of the 


Earth will in the firſt portion of time take the Situa- 
tion AD, and the Stone which was in B, will be, de- 


ſcended to E, when B arrives at D; in the ſecond d= 


viſion of Time, B will arrive at E, and the Semidia- 
meter AB taking its 9 AF, the Stone will be 
1 3 


89! 
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got to G; and that in ſuch a manner, that the part 
FG will be 4 when the part DE is 1, by the nature 
of heavy Bodies, Which in falling freely from aloft 
downwards. acquire in equal portions of time equal 
degrees of Velocity, in running thro' the Spaces that 
06reale as the Squares, 1, 4, 9. 16, 25, Sc. of the 

tural Numbers, 1, 2, 3, 4, 5. Sc. theſe Spaces ri- 

g gradually according to the odd Numbers. 1, 3. 
5.7, 9, Sc. and therefore at the third Diviſion of 
Time, when the Point B will be got to H, the Dia- 
meter AB will ſtand as AH, and the Stone will be 
got down to I. and the part HI will be 9; and at 
the fourth Diviſion when the Point Bis arriv'd at K, 
the Semidiameter AB will ſtand as AK, and the Stone 
will be got to L, the part KL being 16; as at the 
other Subſequent Diviſion, the whole AC will be 25. 
Thus the Stone n its Deſcent, will make the 


Curve-line, BEGILA, which by conſequence may be 


repteſented after the following manner. 


Since the Sum of the firſt five odd Numbers, 1, 2, 
5, 7, 9, is the ſquare Number 25, the Root of which 
is 5, divide the Right Line AB into 25 equal parts 
of what Magnitude you will, from Bro A. From 
A as a Center, diſtance B, deſcribe the Arch of a 
Circle BC of what extent you will. Divide this Arch 
BC into five equal Parts at the Points D, F. H, K. 
and from theſe draw ro the Center A the Radius's or 
Semidiameters, AD, AF, AH, AK; upon which you'll 
find the Points, E, G, I, L, of the Curve- line you want 
to deſcribe, by taking the part DE equal to one of 
the parts of the Line AB, the Line FG equal to ſour 
of its Parts, HI to nine of its Parts, to fix- 
teen, &c. | 


PROBLEM XII. 
To know when 4 propes d Tear is Biſſextile or Leaf- 


year. 


H O' the Solar Year, or the time that the Sun 
takes in going by its proper motion over the 
whole Zodiack, is about 365 Days, 5 Hours and 49 
Minutes; yet we reckon” only Fe ays (excepting 
ag: enen eee 
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which are but 11 Minutes ſhorc of 6 Hours. Thus it 
comes, that every common Year is about 6 Hours 
too ſhort, which in four Years make almoſt a Day ; 
and that Day we add or put in between the 23d and 
24th of February in every fourth Year, which is ſti- 
led the Bifſextile Year, by reaſon that it conſiſting 
of 366 Days, we are obliged to date Sexto Kalen- \ 
da Marti: for two ſucceſſive Days, otherwiſe the 
Nones and the Ides would be put out of their uſual 

laces. e 
: Now to know if the Year propos d is Biſſextile, 
divide the number of the Year by 4, and if there re- 
mains nought, tis a Leap-year, or a Year of 366 
Days; if any thing remains after the Diviſion, tis 
no Leap-year, and conſiſts only of 365 Days. Thus 
we know that the Year 1693 is not Bif{:xtile, for 
when we divide it by, 4, there remains 3, which 
ſhews that the third Year after, viz. 1696, will be a 
Leap-year. 

Bur after all, tis to be obſerv'd, that tho' rhe Di- The Gregori- 
viſion of the Years, 1700, 1800 and 1900 by 4, leaves a Calendar, 
no Remainder, yet we muſt not take them to be Biſ- 

ſextile Years. Now, this is occafion'd by the altera- 
tion of the Kalendar made by Pope Gregory XIII. in 

1582, upon the Confideration that the fix Hours ad- 
ded to every fourth Year, are eleven Minutes more 
than 'the due Addition, which in the ſpace of four 
Centuries amount to three Days more than enough; 
and ſo the Compenſation allotted for this Exceſs, is, 
to leave out the Leap-day in each of the three Years, 
1700, 1800 and 1900 ; the year i600 being reckon d 
as Biſſextile. 

This Reformation of the Calendar made in the, natk. 
lat Century but one by Pope Gregory XIII, who in the 
year 1582 threw out ten Days, there being ſo many 
grown to a Surpluſage from the time of Julius Cæ- 
i /ar, who inſtituted the Leap-year : This Reformati- 

on, I ſay, gave riſe to the Gregorian Calendar, or the 
New Calendar, which the Church of Rome makes. uſe 
on of at preſent. | 
* In the Sixteenth Century, it being found that thro' 
9 the growing Surpluſage above · mention d, the Vernal 
8 Equinox anticipated the 21/7 of March 10 Days; and 


s, N. Equinox being the Period upon which depends 
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the Regulation of Eaſter; theſe ten Days were not 
counted, but the 11th of March was call'd the 21ſt, 
this being the Day of the Vernal Equincx in the time 
of the Council of Nice: So by this Reformation the 
Equinoxes and Solſtices are fix d to the ſame Days 
and ſame Months. And tis objected againſt the old 
Style or Julian Calendar, that if it be continued for 
a ng proceſs of time, Chriſtmas will fall to be cele- 
brited at Midſummer, and the Feſtival of St. Fobn 
the Baptiſt at the Winter Solſtice. | 


PROBLEM XII. 
T find the Golden Number in any Tear propos d. 


VE acquainted you in the foregoing Problem, 

that the Solar Year conſiſts of 365 Days, 
5 Hours, and 49 Minutes; and now. we come to 
tell you, that the Lunar Year or the Sum of twelve 
Revolutions of the Moon by its own proper Motion 
in the Zodiack, is 354 Days, 8 Hours, and 49 Mi- 
nutes; which you ſee is about 11 Days ſhorter than 


the Solar Vear, and conſequently the New Moons 


_ 11 Days ſooner in one than in the preceding 
ear. | 
Thus you ſee the Sun and the Moon do nöt al- 
ways finiſh their Periods at the ſame time; nor do 
they always meet in the ſame Diſpoſition, at is, the 
New Moons do not return in the ſame Months, and 
on the ſame Days as in another Year, unleſs it be 
in the ſpace of about 19 Years ; I ſay, about 19 Tears, 
| becauſe there wants of that number 1 Hour, 27 Mi- 
nutes, and 32 Seconds; which is but inconſiderable, 
for the New Moons anticipated bur one Day in 312 
Tears, which was one of the cauſes of the Reforma- 
tion of the Calendar, and of the ſubſtitution of the 
Epacts in the room of the Golden Number, which is 
a period of 19 Years. 5 
al This number of 19 Years, at the end of which the 
wean by the Sun and Moon return to the ſame Voints hey were 
Golden Joyntly in before, is what we call the Golden Number, 
Number. ſo call'd by the Athenians, who received it with fo 
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It has likewife been call d the Lunar Cycle, as being 


are Emboliſmal, i. e. conſiſt of thirteen Moons each; 
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Characters of Gold in the middle of the publick — 


a Period or Revolution of 19 Solar Years, equal to 
19 Lunar Vears; twelve of which are Common, as 


having twelve Synodical Months a piece, and ſeven 


which make in all 235 Moons, at the end of which 
the New Moons return on the ſame days of the ſame 
Months as before. 

To find the Golden Number for the year 1693. 
(for inſtance ; ) add 1 to the number of the year 1693, 
and divide the Sum 1694 by 19, and neglecting the 
Quotient mind only the Remainder, viz. 3, which 
is the Golden Number for that year. The Reaſon of 
that addition of 1 ro the number of years, is, that 
8 the firſt year of Chriſt, 2 was the Golden Num- 

r. 

"Tis evident that when the Golden Number for a remarks! 
year is once found, the addition of 1 will give the 6s 
Golden Number of the year next inſuing, as the Sub- 
ſtraction of 1 will that of the immediately preceding 

ear. 
! Tis equally evident, that all the years which have 
the ſame Golden Number, have the New Moons on 
the ſame days of the ſame Months. Thus it being 
New Moon Aug. 1. 1693, of which year 3 is the Gol- 
den Number, the New-Moon will happen on the 
lame day of the ſame Month, in the years 1712, 1731, 
1750, Se. which have allo 3 for their Golden Num- 


PROBLEM XIV. 
To find the Epact for a propos d year. 


E ſhew'd you in the foregoing Problem, that 

the Solar Year Exceeds . fk by abour 

11 Days; which is the exact caſe, if you compare 

the common Solar Year, or what they call the Egyp- 

tian Year, viz. 365 Days, with the common Lunar or 

54 Days; for here the exact difference is juſt 11 
Days; and this difference of 11 Days is call'd the het an 
act, which being added to the common Lunar Year, Ea i. 


(i, e. 
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(i. e. the time of twelve Moons or Synodical Months, 
each of which is 29 days and a half) makes a com- 
mon Solar Year. | | 


By a Synodical Month, we underſtand the proceſs of 
time from one New-Moos to another, which, as we 
intimated above, is, 29 days and a half; or more 
preciſely, 29 Days, 12 Hours, and 44 Minutes, and 
which by conſequence is 2 days and. ſeven hours lon- 
ger than the Periodical Month, 3. e. the *Revolution 
or Period of the Moon by its proper Motion from a 
Point of the Zodiack ro the ſame Point again ; which 


© Period extends to 27 Days, 5 Hours, and 44 Mi- 


nutes, and indeed muſt unavoidably be leſs than the 


. Synodical Month, by reaſon of the proper Motion of 


the Sun, by vertue of which ir runs in a Periodical 
Month about 27 Degrees, whieh the Moon has till 
to go before it can reach the Sun, after its return to 
the ſame Point where it was in conjunction with the 
Sun before. Now o travel theſe 27 Degrees, the Moon 

aires 2 Day, and 7 Hours, after finiſhing its Period 


re 
or Revolution in the Zodiack. 


The Synodical Months being each of 'em 29 days 
and a half, are found in the Calendar te be alternately 
29 and 30 Days. Some begin the firſt Month from the 
New- Moon in Fanuary, as the Fews of old did from 
that in September; and the Church of Rome begins 


it with the Eaſter New-Moon, 5s. e. the next full 


Moon after the Vernal Equinox, or upon the day of 
that Equinox, which among them is fix'd to the 21. 
of March, becauſe the Vernal Equinox (as we inti- 


mared above) happened on that day when the Council 


of Nice (ar. 


If the Moon is full before the 21ſt of March, that 
do's not begin the new year, but concludes the former 
year; for the firſt ſull- Moon or the fourteenth day of 
the Moon, muſt happen either upon or after the firſt of 
March, in order to adjuſt the feaſt of Eaſter, which 
the Roman Catholicks celebrate the next Sunday after. 
the New-Moon : From whence it follows, that all 
the Moons beginning from the $th of March, to the 
5th of April ineluſive, may be Paſchal Moons; and 
conſequently the Paſcha or Eaſter can't be celebrated 


before the 22d of March, nor after the 25/h of ARC 
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and ſo it may happen 35 days later in one year than in 


another. | 

To find the Epact of any year (which begins only 
in the Month of March) find by the foregoing Pro- 
blem, the Golden Number of the year, and after 
multiplying that number by 11, (the difference of the 
Solar and Lunar year) divide the Product by 3o, the 
number of days in a Synodical Month, and neglectin 
the Quotient, mind the Remainder for the Epact 
ſoughr for, if the year in queſtion wes before the Re- 
formarion of the Calendar, or if you reckon by rhe 
old ſtile ; bur if you reckon by the new, and if the 
pour propos'd came fince the Reformation of the Ca- 


endar, you muſt ſubſtract from ir the 10 days that 


Pope Gregory threw out; nay, if it comes aſter the 
ou 1700, you muſt ſubſtract 11 days, becauſe the 

ap day in the year 1700 is ſuppteſs d for reaſons 
abovementioned. If the number is ſo ſmall as nor 
to admit of that Subſtraction, add 30 to it, and then 
Subſtract. | 

Thus to find the Epact of the year 1693, (accor- 
ding to the Gregorian Calendar) I multiply irs Gol- 
den Number, viz. 3 by 11, and divide the Product 
33 by 30; the Remainder being 3, from which I 
can't yer ſubſtract 10, I add 30 to the 3, and from 
the Sum 33 ſubſtrad 10, which leaves 20 for the Epact 

the year. 

The old Epact without regard to the Gregorian 
Emendation, may be found thus without the trouble 
of Divifion, Obferve the top or end, the middle 
oynt and the Root of the Thumb of your left 

and; and fix upon em theſe different Values, viz. 
Let the top of your Thumb be a place of 10, the mid- 
dle Bg of 20 and the Root of o. Now reckon 
the Golden Number of the propos'd year upon your 
Thumb, beginning wich the end or top, reckoning 
the end 1, the middle Joynt 2, the Root 3, and fo 
go over again, the End 4, the middle Joynt 5, the 
Root 6, the End 7, c. till you come to the Golden 
Number; and if it happens upon the Root, add no- 
thing to it, the place of that being adjuſted o, if up- 
on the middle "o-U add to it 20, or if upon the End 
add 10, The Sum is the Epact if under 30; if above 
30 throw 30 out of it, and the remainder is the * 

Tis 
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is evident that when the Epact of a Year is once 
found, the addition of 11 will give that of the next, 
and 11 more the next after that, and ſo on; only you 
muſt take care ſtill ro throw our 30 when the Sum is 
above 30, and to add 12 inſtead of 11 when you have 
19 or rather o for the Golden Number. 


PROBLEM XV. 


To find the Age of the Moon on a given Day of a Tear 
Popos d. 


12 find the Age of the Moon, add to the Epact of 
the Year the number of the Months from March 
to the Month propos d incluſive, and ſubſtract the Sum 
from 30 or from 60 if it ſurpaſſes 30; and the Re- 
mainder gives you the Day of the Month, on which 
was New Moon; fo having that, you may eaſily 
compute the Age of the Moon on the Day (propor | 
Or, without knowing the Day of the New Moon, 
on may find it thus: Add together theſe three, The 
Epact of the Year Current, the number of the Months 
from March inclufive, and the Day of the Month pro- 
pos d; the Sum is the Age of the Moon if not above 
30; if it is, take 30 from it, and the Remainder is 
the Age. Thus if the Epact of the Year is 23, and 
the 18th of April is the Day propos'd, add 23 and 2 
(for the Months of March. and April) and 18; and 
from the Sum 43 ſubſtract 30; the Remainder 13 is 
the Age of the Moon. | 
Since the Epact of a Year does not begin bur ia 
March, the way of finding the Age on a certain Day ot 
aà Month of that Year preceding March, is this: Inſtead 
of the Epact of that Year, take the Epact of the pre- 
ceding Year, and ſo proceed as above, reckoning the 
number of the Months from March incluſive, Fannary, 


fort example, 11, &c. 
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PROBLEM XVI. 


To find the Dominical Letter and the Solar Cycle of 4 
propos d Tear. | | 


Ince the common Year conſiſts of 365 Days, which 

amount to 52 Weeks and a Day, and the Biſ- 
ſextile Year conſiſts of 366 Days or 52 Weeks and 2 
Days; ſince the ſeven Days of che Month, call'd Feriæ, 
are repreſented in the new Calendar. by the ſeven firſt 
Letters of the Alphabet, A, B, C, D, E, F, G, which 
are call'd Dominical Letters, becauſe each of em is 
employed in their turn to repreſent the Lord's Day: 
'Tis evident, that theſe Letters wou'd return in the 
ſame order every ſeventh Year, if the order were 
not interrupted every fourth Year by the additional 
Leap Day; from whence it comes that they do not 
return into the ſame order, till after four times (even 
Years, i. e. 28 Years ; and that Period is what we 
call the Solar Cycle and the Cycle of the Dominical Letter. 
This Cycle was invented for the ready knowing of the 
Sundays any time of the Year by the Dominical Let- 


ter. 

To find the Dominical Letter of a Year propos'd, and 
withal the Letter for every Day of that Year : Divide 
the number of the Days elapſed from the firſt of Fanuary 


333 


whit the | 
Solar Cycle 
u, 


to the Day propos'd incluſive, by 7 ; and if nothing 


remains the Letter ſought for is G; if any number te- 
mains, the Letter that correſponds to that number, be- 
ginning from A as 1, is the Letter ſought for. Thus 
if 4 remains, D is the Letter for the Day propos d. 
And if the Day propos d be a Sunday, the Letter thus 

found is likewiſe the Dominical Letter of the Year. 
To find the Dominical Letter for a propos'd Year 
fince Chriſt, according to the new Calendar; add to 
the number of the Year its fourth part, or the next 
part leſs, if tis not exactly diviſible by 4; and havigg 
ſubtracted 5 from rhe Sum (the Year being within 
the 17th Century) divide the Remainder by 7 and 
neglecting the Quotient, mind the Remainder, which 
ſhews you the dominical Letter, reckoning from G the 
lak Letter towards A; ſo that if nothing _—_— the 
omi- 


* 
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Remark, 


Dominical Letter is A, if 1 remains G is the Letter, 
if 2 F, and ſo on. Thus for the Year 1693 we add 
to ir its fourth part 423, and after ſubſtracting 5 from 
the Sum 2116 we divide the Rewainder 2111 by 7, 
and withour regarding rhe Quotient, are directed b 
the Remainder 4 to the fourth Dominical Letter in the 
retrograde Order, vix. D. 

I ſaid above that 5 is to be ſubſtracted when the Year 
is within the 17th Century, i. e. between 1600 and 1700; 
for in the Century of 170 we muſt ſubſtract 6, in that 
of 180 7, in that of 1900 8, theſe Years being not 
reckon'd Biſſextile by the new Calculation, as we in- 
timated heretofore. Indeed the Year 2000 is reckon d 
Biſſextile, and ſo for that Century we continue to ſub- 
tract but 8; but for 2100, 2200, 2300 we muſt ſub- 
tract 9, 10, 11, the Biſſextile Days being thrown our 
in theſe, and ſo on. — | 

To find the Solar Cycle of a propos d Year, add 9 
ro the number of the Year, divide the Sum by 28, 
and the Remainder is rhe Solar Cycle. Thus for the 
Year 1693, 9 added make 1702, and that divided by 
28 leaves 22 remaining for the ſolar Cycle. The num- 
ber 9 is here added, becauſe the Solar Cycle immedi- 


ately before the firſt Year of Chriſt was 9, and conſe- 


quently the Cycle began 10 Years before Chrift. 

Tis evident that after finding the Solar Cycle of one 
Year fince Chriſt, the addition or ſubſtraction of 1 gives 
the Cycle of the next enſuing or r Year. 

'Tis equally evident, that after finding the Do- 
minical Letter for a Lear, the Letter for the next enſuing 
or next preceding Year is eaſily found by taking tbe 
next following Letter for the Dominical of the prece- 
ing Vear, and reciprocally the next —— Letter in 
the order of the Alphabet for the Dominical of tlie f6l- 
lowing Year ; which will ſerve for the whole Vear "tis 
not Biſſextile: Indeed if it is, the Dominical thus 
found will ſerve no longer than the 24th of February, 
at which time the other Letter next preceding in the 
onder of the Alphabet is taken in for the reſt of the 
Year : For a Biſſextile Year having an additional Day, 
has two Dominical Letters. 1 
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PROBLEM XVIL 


To find on what Day of the Week 4 given Day of 4 fi- 
ven Tear will fall. | 


* 

F the Year be ſince Chriſt, add to the number of the 
= Year given, its fourth part, or the next leſſer, if 
tis not exactly diviſible by 4; to this Sum add the 
number of Days comprehended between the firſt of 
February and the propos d Day, incluſive; then ſubs 
ſtract 2 for the Fulian Calendar, or 12 for the Gregorian 
(it it be before 1700, otherwiſe ir muſt be 13) and di- 
vide the Remainder by 7. The number remaining af- 
ter — 3 is the _—_ of * _—_ in — ; 
reckoning Sunday 1, Munday 2, Tuesday 3, and ſo 
on ; and if nothing ndas Saturday is the Day. 


PROBLEM XVIII. 


To find the number of the Roman Indiction for a Year x 


Propoi d. 


IN ancient Times the Greeks computed their W 


Ohmpi ads, which is a Revolution of four Years, 
at the end of which they celebrated the Ohmpick Games, 
ſo call'd becauſe they had been inftitured by Hercules 
near Olympus in Arcadia; but after Rome brought Greece 
1 wy h. ion to them, they wou'd not reckon their 

ime 
for them, but ſettled the Period of Computation to 
ors, Luſtrums or fifteen Years, which they calld att 
ion. | | | 


Olympiads, four Years being too ſhort a term 


33s 


$o chat the Roman Indiction is a term of fſteen Whit an in; 
Years, at the end of which they begin their Computa- diction is. 


tion with a continual Circulation: This Period of -fifs 
teen Years, was call'd Indict ion, as ſome: will have ir, 
becauſe it ſerv'd to point out (indicare) the Year of 
payment of the Tax or Tribute ro the Republick; 
Whence twas call'd the Roman Indi4:ion, and fince-the 
Pont ifical Indiction beginning rhe firſt of January, be · 
cauſe rhe Court of me ule it in their Bulls and — 
: patc 
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tehes. Others rake it from the ſummoning of the 

rovinces every fifteemh Year, to diſtribute Ammuni- 
tion to the Soldiers; at which Period thoſe who had 
ſerv'd ſo long in the Army were free to draw their Paſ- 
ports, and entitled to Immunities and Privileges. 


the Roman Indiction for any Year fince Chriſt is this, 
Add 3 to the number of the Year, and divide the Sum 
by 15, and the Remainder is the Year of Indiction. 
Here we add 3 becauſe the Cycle of Indict on re- 
commenced 3 Years before the Nativity of our Sa- 
viour. Thus for the Year 1700, add 3, and divide 
the Sum 1703 by 15, and the Remainder of the divi- 
fion is 8 for the number of the Indiction. 


PROBLEM XIX. 
To find the Number of the Julian Period for 4 propor d 


Tear. 


E Roman Indiction has no connexion with the 
Celeſtial Motions, yet that Revolution of 13 
Period, Years is compar'd with the Period of the Solar Cycle 

| of 28 Years, and the Period of the Golden Number of 
| 19 Years; viz. by multiplying rogether theſe three Cy- 
| | cles, 15, 28, 19, the ſolid product of which gives 
| that famons Period of 7980 call'd the Julian Period, 
| from Fulius Scaliger, who ſirſt invented it, and intro- 
duced by the modern Chronologers, as a Standard for 
| adjuſting all rhe difference of 'Times mentioned by Hi- 
| ſtorians; it being certain, that this number of 7980 
Y Years. contains all the different Combinations of the 
| three abovementioned Cycles, which in all that ſpace 
af time can meet bur once in the ſame diſpofition. - 
+ - The number of this Period is eaſily found for any 
Year fince Chriſt, if once we know its beginning, that 

it, the time when it would have begun before Chriſt, and 
even before the Creation of the World; for as this Pe- 
riod is great. fo the time of its beginning, when all the 
Cycles of which tis compoſed wou d have been Number 
1, ſurpaſſes by many Years not only the Chriſtian E- 
pocha, but even the time attribnted in Scriprure to the 


However that be, the way of finding the number of 


Crea - 
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Creation of the World. Now the way of finding its 
commencement 1s this, 

Since the firſt Year of Jeſus Chriſt correſponded to 
the 4th of the Indiction, the 1och of the Solar Cycle, 
and the 2d of rhe Lunar Cycle or rhe Golden Number ; 
multiply 4 the number of the Indiction by 6916, 10 
the number of the Solar Cycle by 4845, and 2 the 
number of the Lunar Cycle by 4200; then add together 
the three Products, 27664, 48450, $400, in order to 
divide their Sum 84514 by the Julian Period 7980: The 
Remainder of this Diviſion ſhews that the beginning of 
> _ Period is 4714 Years before the Nativity of 

briſt, 

This done, if we want to know the number of this 
Period for any Year fince Chriſt, as for 1693, we add 
4714 to 1692 and the Sum 6406 is the Julian Year 
ſoughr for. Or elſe you may follow the method a- 
bove-mention'd iu multiply ing 1 the number of Indi- 
ction tor the Year 1693, by 6916 ; 22 the number of 
the Solar Cycle for the Year, by 4845 ; and 3 the num» 
ber of the Lunar Cycle by 420, and add togecher all 


the Products, viz. 6916, 106590, 12600,in order to di- 


vide their Sum 126106 by 7980; upon which the Re- 
mainder of rhe Diviſion 6406 anſwers the Queſtion? 
The Reaſon for chuſing theſe Multipliers is contained 
in the Remark upon the next Problem, which ſee. 


PROBLEM XX. 


To find the number of the Dionyſian Period for 4 Tear 
propos d. , 


T HE Multiplication of 28 the Period of the Solar 

* Cycleby 19 the Period of the Lunar, forms a Pe- 
riod of 532 called rhe Dionyſian Period, from its Inven- 
ter. This Period ſerves to diſcover all the Differences 
and Changes, that can happen between the new Moons 
and the Dominical Letters in rhe courſe of 532 Leers; 
after which che Combinations of one and rother return 
in the tame order, and repeat the former Series. 

To tind the number of this Period, for any Year 
ſince Chriſt, multiply the number ot che Solar Cycle 
tor the Year propos'd by $7, and the number of rhe 

2 Luna: 
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Lunar Cycle for the year by 476, and after adding 
their two Products, divide the Sum by 532 the Dio- 
nyſian Period; the Remainder of this Diviſion ſolves 
the ' Queſtion. © 

The number 57 which here multiplies the num- 
ber of the Solar Cycle, is ſuch that being divided by 
28 the Period of the Solar Cycle, it leaves 1 Re- 
maining; and if it be divided by 19, the Period of 
the Lunar Cycle, there remains nought: And Reci- 
procally the number 476 (which here multiplies the 
number of the Lunar Cycle) divided by 19 the Peri- 
od of the Lunar Cycle, leaves 1 remaining, and divi- 


ded by 28 the Period of the Solar Cycle, nothing Þ 
remains. Thus the firſt number 57 ſhews the Diony- | 


fian year, which has o or 19 for the Golden Number, 
and 1 for the Solar Cycle; and the ſecond number 
476 gives us to know the Dionyſian Year, in which 
we have o or 28 for the Solar Cycle, and 1 for the 
Golden Number. 

Now, to find this firſt number 57, which ought 
to be multiple of 19, that its Diviſion by 19 may 
leave no Remainder; if we put, for Example, 38 the 


double of 19, for the number demanded ; this 38 


divided by 28 leaves 10 remaining, inſtead of 1; to 
Help which, fince 10 is leſs than the Diviſor 28 by 18, 
if you add that 18 to 38 you have 56, which divided 


by 28 leaves nothing remaining; and therefore if 


you add to 38, 19, inſtead of 18, you have 57 the 


true number demanded, as being the exact multiple o 


19, and but 1 above the multiple of 28. 

If you ſubſtract this firſt number 57 from 532 the 
Dionyſian Period, and add 1 to the Remainder 473 
you have the ſecond number 476 ; which may like- 
wile be found directly and immediately by a Ratio 
cination not unlike the former; only you have mot 
eſſays to make, as I am about to ſhew you. 

To find this fecond number 478, which muſt be 
multiple of 28, that nothing may remain upon its 
Diviſion by 28; put for the number propos d 56 
(for Example) the double of 28 ; this 56 divided by 
19, leaves 18 remaining inſtead of 1, which the queſt: 
on requires ; now, this Remainder 18 being les chan 
the diviſor 19 by 1, if you add that 1 to 56 you 
have 57, Which divided by 19 leaves no Remainder 
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and therefore it inſtead of 1 you add 2 to 56 you 
have 58, which leaves 1 Remainder upon irs Diviſion 
by 19. Bur tho' 58 has one of the qualifications re- 
quiſite, tis deſtitute of the other, viz. that of being 
the multiple of 28; and ſo can't be the number in- 
quir'd for. This Tryal proving fruitle's, we muſt 
een try again after the ſame manner, in taking tlie 
Triple, 1 or Quintuple of 28, and ſo on, 
till we find ſuch a multiple of it, as leaves 1 remain- 
ing upon its Diviſion by 19; and ſuch a multiple we'll 
find to be the 17h, or the Product of 28 multiplied by 
17, viz. 476 the number ſought for. If you Sub- 
ſtrat this 476 from 532 the Dionyſian Period, tha 
Remainder is 56 which augmented by unity makes 
57 for the firſt number. 

In like manner, che number 6916 by which you 
mulriplied the number of Indiction in the foregoing 
Problem, is ſuch, that being divided by 15 the Peri- 
od of Indiction, it leaves 1 remaining ; and when tis 
divided by 28 the Period of the Solar and 19 the Pe- 
riod of the Lunar Cycle, or, which is the ſame thing, 
by 532 the Product of theſe two Periods, there re- 
mains nothing. Again, the number 4845 by which 
we multiplied the number of the Solar Cycle in the 
foregoing Problem. is ſuch, that being divided by 28 
the Period of the Solar Cycle it leaves 1 remaining; 
and divided by 19 the Period of the Lunar Cycle, 
and by 15 the Period of Indiction, or, which is the 
ſame thing, by 285 the Product of theſe two Periods, 
it leaves no Remainder. And 1n fine, the number 
4200 by which we multiplied the number of the Lu- 
nar Cycle in the foregoing Problem, is ſuch, that 
being divided by 19 the Period of the Lunar Cycle, 
it leaves 1 remaining, and divided by 15 the Period 
of Indiction and by 28 che Period of the Solar Cy cle, 
or, which is the ſame thing, by 420 the Product of 
theſe rwoPeriods, it leaves no Remainder. 

The firſt number 6916 gives us to know the Julian 
Year, in which we have 1 for the Indiction, and o 
for the Golden Number, and Solar Cycle, or o forthe 


Dionyſian Period; the ſecond number 4845 ſhews 


the Fulian Year, in which we have 1 for the Solar 
Cycle, and o for the Golden Number and Indiction; 


and the third number 4200 diſcovers the Fulian Year, 
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in which we have 1 for the Golden Number, and « 
for the Solar Cycle and Indiction. T heſe three num- 
bers were found after the ſame manner with the two 
numbers mention'd above. 


PROBLEM XXL. 


To know what Months of the year have 31 days, and 
what have 30. 


Hou up your Thumb A, your Middle-finger C, 
and your Little-finger E,; and lower or bend 
downwards your other two Fingers, viz. the Fore- 
finger B, and the 
Ring-finger or fourth 
Finger D. Then 
count the Months of 
the year upon your 
Fingers thus placed, 
beginning with Mar. 
upon your Thumb, 
then April upon the 
Fore- finger, May up- 
on the Middle, June 
upon the Ring, and 
July upon the Little- 
finger; then N 
on, returning 
your Thumb , = 
, 8 3 ſo round till you 
\ 0 have reckon'd all the 
Wi 80 My Months. When you 
7 l h 
ave done, remem- 
ber that all the Months that fell upon the Fingers held 
up A, C, E, have 31 days; and thoſe upon the ben- 
ded Fingers have but 30, excepting February upon the 
Fore-finger, which has 28 in a Common, and 29 in 
a Biſſextile Year, 
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PROBLEM XXII. 


To find what lay of ca Month, the Sun enters a 
S. zu of the Fodiack, 


THE Sun enter, the Signs of rhe Zodiack, about 

the 22th day of each Month of the Year; that 
x, the beginning of about the 20h of March, the 
beginning of & about the 20% of April, and ſo on, 
But to know the time more preciſely, you may make 
ule of theſe two Artificial Verſes ; 


Inclyta Laus Juſtis Impenditar, Hereſis Horret, 
Grandia Geſta Gerens Felici Gaudet Honore. 


Diſtribute the twelve words of theſe two Verſes 
among the twelve Months of the Year, beginning with 
Mech, and ending with February, attributing to the 
firſt Inchta, and to the laſt Honore. Then conſider 
what number the firſt Letter of each word obtains in 
the order of the Alphabet, for that number ſubſtract- 
ed from 30, leaves remaining the day of the Month 
in queſtion. 

For Example; Inclyta anſwers to March, and to 
the Sign of Aries; and I its firſt Letter is the 9th of 
the Alphabet, which ſubſtracted from 30, gives us to 
know that the Sun enters Aries on the 21ſt of March, 
And ſo of the reſt. 


PROBLEM XXIII. 


To find what degree of the Sign the Sun is in on à given 
day of the Tear. 


HE place of the Sun in the Zodiack, i. e. the 
degree of the Sign it is in, any day of any 
Month, is thus known. Suppoſe the day propos'd is 
May 18, Fuſts in the two Verſes mention'd but now 
anſwers to that Month, and the Letter I being the 
9th Letter of the Alphaber, we add 9 to 18 the _ 
Hh wc 2 3 £ 
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ber of the day propos'd; and by the Sum 27 we are 
taught, that on the 187% da) of May the Sun is in 
the 27th degree of Taurus, ro which anſwers the 
word Laus. 

This is the Method, when the Sum is under 30; 
for if it be above 30, we take the Sign that anſwers 
to the Latin word of the propos'd Month, and ſub- 
ſtract 30 from that Sum, the Remainder being the 
degree of the Sign. Thus, if Aug. 25. be the day 
propos d, the word Horret anſwering to that Month, 
and the Sign being Virgo, we add 8 (the numeral 
value of the firſt Letter H) to 25, and ſubſtracting 30 


from 33 the Sum, learn that on the 25th day of Au- 


guſt the Sun enters the 3d degree of Virgo. 

In chis and the preceding Problem, we have taken 
it for granted, that the Reader is acquainted with the 
Order of the twelve Signs of the Zodiack, and their 
correſponding Months. The two following Verſes 
ſhew the order of the twelve Signs. 18 


# 


Sunt Aries, Taurus, Gemini, Cancer, Leo, Virgo, 


Libraque, Scorpius, Arcitenens, Caper, Amphora, Piſces. 


In which we muſt obſerve, that the firſt Sign Arie: 
correſponds to the Month of March; the ſecond Tau- 
rus to April; and ſoon to the laſt Piſces which anſwers 
to February, | 1 


PROBLEM XXIV. 


To find the place of the Moon in the Zodiack, on à given 
day of a given hear. | | 


Ind firſt the place of the Sun in the Zodiack by 
the foregoing Problem; and then the diſtance ol 
the Moon from the Sun, or the Arch of the Ecliprick 
comprehended between the Sun and the Moon, by the 
following Method. > 
. Having found by Problem 15 the Age of the Moon, 
and multiplied that by 12, divide the Product by 30, 
and the Quorient is the number of the Signs, as the 
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grees of the diſtance of the Moon from the Sun. So if 
you count this diſtance upon the Zodiack, according 
to the order of the Signs, beginning from the place 
of the Sun, you'll end in the place of the Moon ſought 


for. 
For Example; I find the Sun on the propos'd day 


to be in the 170 degree of Taurus, and the Age of 


the Moon to be 14. After multiplying 14 by 12 I di- 
vide the Product 168 by 3o ; and the Quotient 5 
with the remainder of the Diviſion 18, give me ro 
know that the Moon is diſtant from the Sun 5 Signs 
and 18 Degrees. So if I reckon 5 Signs and 18 De- 
grees upon the Zodiack, beginning from the place of 
the Sun, the 27th Degree of Taurus, I find the place 
of the Moon to be the 155% Degree of Scorpims. - 


PROBLEM XXV. 


To find to what Month of the Year a Lunation be- 


longs, 


IN the ule of the Roman Calendar every Lunation is 
compured to belong to that Month in which it ter- 
minates, according to the ancient Maxim; 


In quo completur Menſi Lunatio detur. 


And therefore to ſolve the Problem, find by Problem 
XV. the Age of the Moon on the laſt day of the Month 
propos'd, and that will direct you whether the Moon 
terminates in that or in the ſucceeding Month, (he 
which laſt if it do's it belongs to that ſucceeding 
Month:) Or whether a prior Lunation did not ter- 
minate in the Month propos d, and conſequently bo- 
long to it. 
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PROBLEM KXXVI. 


To know which Lunar Years are Common, and which 
Emboliſmal. 


JH S Problem is eaſily ſolv'd by the foregoing 
Problem, which gave us ro know that one Solar 
Month may have two Lunartions, or that two Moons 
may finiſh their Periods in the ſame Month, when tis 
a Month that has 30 or 31 Days; as November, on 
the firſt day of which one Lunation may terminate, 
and another on the 3oth. In ſhort, when we find any 
one Month of the year to have the termination of 
two Moons, we may conclude that that year has 13 
Moons, and conſequently is Embolitmal, 


PROBLEM XXVII. 


To fd the time of a given Night when the Moon gives 
Light, 


P4ving found by Problem XV. the Age of the Moon, 
and added 1 to it, multiply the Sum by 4 if it 
do's not exceed 15; but, if it exceeds 15, ſubſtract 
it from 30, and multiply the Remainder by 4; then 
divide the Product by 5, and the Quorient will give 
you ſo many twelfth parts of the Nighr, during which 
the Moon ſhincs. Theſe twelfth parts are call'd une- 
qual hours, and muſt be counted after Sunſer when 
the Moon Waxes, and before Sunriſing when it 
Wanes. | | | 
- For Example; 'tis demanded to know what time of 
the Night of May 21. N. S. the Moon will ſhine, its Age 
being then 17; we add 1 to 17, and after ſubtracting 
the Sum 18 from 30, we multiply the Remainder 12 
by 4, and divide the Product 48 by 5 ; the Quotient 
gives us 9 unequal hours and 3 for the time of Moon» 
ſhine before Sun-riſe, „„ 
'Tis an eaſy matter to reduce the unequal hours to 
equal or Aſtronomical hours, each of which is the 
24th part of a natural day comprehending Day and 
ä | Night; 


tn_< © PO od 6% Co ao Dom 


Problems of Coſmograp hy. 
Night ; This Reduction I ſay, is eaſy, when once yon 
know the length of the Night or Day propos d. Thus 
in the foregoing Example, knowing that at Paris the 
Night of May 21 is 8 Hours 34 Minutes, I divide 
theſe 8 Hours 34 Minutes by 12,and ſo have 42 Minutes 
and 50 Seconds for the extent of an unequal Hour, 
which being multiplied by 93 (the number of une- 
qual Hours from the rifing of the Moon to Sunriſe ) 
gives in the Product 6 equal Hours and about 51 Mi- 


nutes for the value of the ſaid number of uncqual 


Hours. 


COROLLARY. 


Here we ſee that if we know the time of the Riſing 
of the Sun, we may from this Problem compute the 
timeot the Moon's Rifing ; for, if to the hour of the 
Sun's Riſe, viz. 4 Hours and 17 Minutes, we 
add 12 Hours, and from the Sum 16 Hours and 17 
Minutes ſubſtract 6 Hours and 51 Minutes (the time 
between Moon's-riſe and Sun's-riſe) we have 9 Hours 
and 26 Minutes for the time of the riſing of the 
Moon. 


PROBLEM XXVIIL 
To find the height of the Sun and the Meridian Line. 


HE N we ſhew'd in Problem III. the way of 

taking the Latitude of a Place, we then ſup- 

poſed the Altitude of the Sun and the Meridian Line 

to be known. So, we come now before we conclude 
to ſhew you how to find theſe, 
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Firſt for the Altitude of the Sun any hour of the 
Day, Raiſe at Right Angles upon an Horizontal Plain 
the Stylus or Pin AB of what length you will, and 
mark a Point ſuch as C ar the extremity of the ſha- 
dow of the Style AB, at the very time that you would 
know the Elevation of the Sun upon the Horizon. 
Then draw from the foot of the Style A to the Point 


of the ſhadow C, the Line AC repreſenting the Ver- 
tical of the Sun; and the Line AD equal to the Style 
AB, and perpendicular to the Point A. At laſt draw 
from the Point of the ſhadow C to the Point D the 
Line CD, reprefenting the Radius of the Sun drawn 
from its Center to the Extremity B of the Style AB; 
which at the Point C, will make with the vertical d 
the Sun AC, the Angle ACD, and that Angle mer 
ſured gives the degrees of the height of the Sun. 

In the ſecond place, to find the Meridian Line; 
mark upon any Horizontal Plain about two or three 
hours before Noon, the Point of the ſhadow C; and 
from the Root of rhe Style A, which repreſents the 
Zenith, draw thro' the Point C the Circumference of 


a Circle CFE, which hall repreſent rhe Almicants WM &,, 

rat of che Sun; then mark after Noon, a ſecond il the 

Point of the ſhadow, ſuch as E, when the Extremity WM 74, 

of the ſhadow of the Style AB is rerurn'd to the Cir- day 

eumierence CFE; and having divided the Arch CE the 

into two equal parts at che Point F, draw —_— ner 
| Oln © ; 
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Point F to the Root of the Style A the Right Line 
FA, which is the Meridian Line demanded. 


PROBLEM XXIX. 


To know the Calends, Nones, and Ides of every Month of 
the Tear. x 


TH E Calends, Nones, and Ides, formerly in uſe 
among the Romans, are eaſily known by theſe 
three Latin Verſes ; 


Principium Menfis cujuſque vocato Kalendas, 
Sex Majus Nonas, October, Fulius & Mars, 
Quatuor at Reliqui; dabit Idus quilibet Octo. 


The firſt of theſe Verſes ſhews that the Kalends are 


WJ thc firſt day of each Month, the firſt day of the Month 


among the Romans, being the firſt day of the Appari- 


| tion of the Moon at Night, on which they had a cu- 
ſtom of calling in to the City the Country People to 


tellthem what they were to do the reſt of that Month. 
The ſecond Verſe gives us to know that the Nones 


are the 7th day of the four Months, March, May, 


July, and October; and the fifth day of the other 
Months: And from the third Verſe we learn, that the 
Ides come eight days after the Nones, that is, on the 
fifteenth day of March, May, July and October, and 
the thirteenth of the other Months. 

The Romans counted the other days backwards, 
ſtill diminiſhing the Number; for the days between 
the Calends and the Nones of any Month, were de- 
nominated from rhe Nones ; as in the Month of Mareh 
the ſecond day was Sexto Nonas, the third Quinto No- 
nas ; the fourth Quarto Nonas ; the fifth Tertzo Nonas ; 
and the fixth not Secundo but Pridie Nonas ; the 
meaning of all which was, ſix, five, four, &c. days 
before the Nones, the Præpoſition ante being under- 
ſtood. In like manner the days between the Nones and 
the Ides, were denominated, Septimo, Sexto; Quinto, &c. 
Idus, the Præpoſition ante being ſtill underſtood. The 
days between the Ides of a Month, and the Calends of 
the next, took their Denominatian after the ſame man- 


ner from the ſucceeding Calends, - 9 
. - RO PR O- 
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MECHANICKS. 


OST, if not all, the Problems of the Me- 

chanicks are more uſeful than curious. in re- 

gard they commonly relate ro the execution 

of the moſt neceſſary things in the way of Life, ſo 

that one might be very large upon that Subject: But, 

that this Volum may not exceed the due bounds, 

we ſhall here confine our ſelves to ſuch Problems as 

ſeem ro be the moſt uſeful, the moſt agreeable, and 
the eaſieſt to be underſtood and practis d. 


PROBLEM I. 


To keep a heavy Body from falling, by adding another 
headyer Body to that fide on which it inclines to 
fall. 


A Table AB being ſer Horizontally, lay upon it 
* > a Key, (for inſtance) CD, which is like to fall 
becauſe the part ED is ſuppos'd heavier than EC; 
add to its extremity D a crooked Stick DFG with 2 
weight H made faſt to the end of it G, and ſo po- 
fired as to anſwer perpendicularly to the Point E. 
In this caſe tis evident that the Key CD will not 
fall, upon the account, that in order to its fall EC 
which lies Horizontally muſt incline, and its Extremi- 
'n | ty 
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ty C make the Arch of a Circle, with its Center at 
the Point of reſt E; but this can't be unleſs the weight 
H aſcends inſtead of deſcending. And therefore the 
Point H and the Key CD will continue in repole. 


PROBLEM: 


By means of a ſmall Weight and a ſmall pair of Scales, 
to move another Weight as great as you il. 


] Suppoſe the Ballance AB is made faſt ar F above 

its Center of Motion E, by an unmoveable Hook 
EF, and that near its Extremity B there's a ſmall 
weight C made faſt at H; by vertue of which we 


want to raiſe a huge weight D, which might repre- 
ſent the Earth if we knew irs weight ; and had a firm 
place to fix the Scales at. 

To find the diſtance EH of the Weight C fromthe 
Center of Motion E, at which the Weight D is to be 
mov'd by the ſmaller Weight C; ſee for a fourth pro- 
portional EH to the Weight I leſſer than the 3 

C, to 
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C, ro the great Weight D, and to the Line AE which 
ought to be very ſmall. By this means you have 
the Point H, from which the Weight I being ſuſpen- 
ded will hold the Point D in Aquilibrio, as appears 
from that general Principle of the Mechanicks, that 
two Weights continue in Æquilibrio about a fix'd 
Point, when their diſtances from that Point are in 2 
reciprocal proportion to their Gravity. And there- 
fore if inſtead of the Weight I, you put the greater 
Weight C at H, this greater Weight C will be able 
to move and caſt the Weight D. | 


PROBLEM III. 


To empty all the Water contain d in a Veſſel with a H- 
phon or Crane. 


LET the Veſſel AB, be propos'd to be emptyed 
without ſtooping the Veſſel or piercing the Bot- 
rom. Take a crooked Syphon ſuch as CDE full of 
Water, one of whoſe Extremities touches the bottom of 
the Veſſel AB, and the end E ſtop'd cloſe with you? 
Finger is lower than the bottom of the Veſſe! AB. 
Then take away your Finger, and the Water of 
the Crane CDE running out at the extremity E, the 
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Water in the Veſſel will enter at the other end, and 
ſupplying the place of that which is gone will conti- 


Mme 


nue to follow it, and run out till none, or very little 


is left in the bottom of the Veſſel. This Experi- 
ment will ſucceed the eaſier, if the Syphon = be 
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bigger in the middle than ar the two ends, becauſe 
then the Water in the middle will weigh more, and 
have more force in ſucking or drawing the Water from 
the Veſſel. See Probl. XIV. 

Thus tis that we eafily empty a Cask of Wine by 
the Bung, without opening the Head; which may 
likewiſe be done by an empty ſtraight Pipe ſmaller at 
the two ends than in the middle, plunged in at the 
Bung, for then the Wine will enter it; and if with your 
Finger you ſtop the upper end of it, and ſo take the 
Pipe out, you'll find it full of Wine, which you may 
pour into a Glaſs, by taking off your Finger, which 
will make the Wine deſcend at the other end, becauſe 
the Air is free to ſupply its room. 

By the ſame means we can make Water riſe from 
a low place in order to deſcend to a lower, provided 
the eminence over which tis to paſs is not higher 
than 32 Foot: For we know by many Experiments 
that the gravity of the Air, to which the Modern 
Philoſophers attribute what others call'd Fuga vacui, 
can't make Water riſe higher than about 32 Foot. 

'Tis likewiſe by means of a crcoked Pipe, that, 
without an Aqueduct and with very little Charge, 
we can carry 1 from the top of one Moun- 
tain to another of equal or little leſs height. For 
this end, we take a long Leaden Pipe which de- 
ſcends from the Spring to the Valley, and with a 
bend riſes again to the top of the adjacent Mountain; 
for the Water entring the Pipe aſcends about as far 
as it deſcends; I ſaid about as far, upon the conſi- 


deration that the Reſiſtance of the Air keeps the Water 


from riſing to the exact height. 


PROBLEM 1v. 


To make a deceitful Ballance, that ſhall appear juſt and 


even both when empty, and when loaded with unequal 
Weights, : 


* Ake a Ballance the Scales of which A,B, are of NG 
unequal Weight, and of which the two Arms pig. 26. 


CD, CE are of unequal length, and in reciprocal 


proportion ro theſe unequal Weights ; that wy 


' 
ö 
; 
| 
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ſcale A is to the ſcale B, as the length CE is to 
the length CD; for thus the two ſcales A, B, will 
continue in Æquilibrio round the fix'd Point C; and 


the ſame will be the Caſe, if the two Arms CD, CE are 


of equal length and of unequal thickneſs, ſo that the 
thickneſs of CD is to that of CE, as the weight of 
the ſcale B is ro that of A. This ſuppos'd, if you put 
into the two ſcales, A, B, unequal weights which have 
the ſame Ratio with the Gravities of the two ſcales, 
the heavier weight being in the heavier ſcale, and 
the lighter in the lighter ſcale, theſe two Weights and 
Scales will reſt in Æquilibrio. 

We'll ſuppoſe that the Arm CD is three Ounces, 


and the Arm CE two Ounces, and reciprocally the 


ſcale B weighs three Ounces, and the Arm A two; 
in which caſe the ballance will be even when they 
are empty. Then we put a weight of two pound 
into the ſcale A, and one of three into B, or elſe one 
of four into A, and one of ſix into B, Sc. and the 
ballance continues till even, becauſe the weights with 
the gravity of the Scales are reciprocally proportional 
to the length of the Arms of the Beam. Such a pait 
of Scales is diſcover'd by ſhifting the weights from 
one fide ro another, for then the Ballance will caſt to 
one fide. 


PROBLEM Y. 


To make a new Steel-yard for carrying in one's Pocket. 


J Here has lately been invented in Germany, a new 
Steel-yard fir to be carried in one's Pocket, which 
is very convenient for weighing off hand any indit- 
feren: big Weighr, ſuch as Hay or Merchants Goods, 
from one to fifty pound weight and upwards. 
This Machine is made of a Copper Pipe or Gutter 
AB, about fix Inches long, and aimoſt eight Lines 
broad, and within it is a Spring of Steel in the form 


of a Screw. At the upper end owards A there's à 


ſquare Hole. thro' which there paſſes a iquare Rod of 
Copper CAD that runs thro' the Screw, ard upon 
this Rod are the diviſions of Pounds mark'd, by hang- 


ing luccefſively to the Hook E a weight of one, ot * 
0 
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of three Pound, &c. and running a Score upon the 
Rod where 'tis cur by the Square Hole A; which 
will fall upon different Parts or Points according to the 
different weight faſten'd to the Hook E, for theſe 
different weights extend the Spring, and fo puſh our 
a greater or leſſer part of the Rod, according as they 
are more or leſs heavy. Here the Steel-yard is ſup- 
poſed ro be ſuſpended by the Ring F, and the Rod is 
ſecured ar the lower end by a Copper Ferrel. 
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The Sieur Chapotor, Ingeneer and Inſtrument- ma- Remark: 
ker to the King of France, has invented another ſort Plate 2 
of Peſon or Steel- yard in the form of a Watch, bfß 


which the gravity of any weight may be taken with 


great facility, 

This new Machine is compos'd firſt of two Pullies 
AB, CD, made faſt upon their Axletrees, and kept 
together by a String or Cord. The upper of theſe 
two, AB, is hollow like a barrel of a Watch, and 
contains within a Spring like that of a Watch, which 
being ſtop'd by the Axletree of the Pully, will have 
the (ame effect with that of a Watch. 

The ſame Pulley AB contains the diviſion of Pounds, 
mark'd Mechanically as in the Steel yard deſcrib'd 
but now, namely, by clapping ſucceſſively upon the 
Hook E a weight of one, of two, of three Pound, Ge. 
the Machine being ſuſpended by the Ring F : For 
thus the gravity of the weight will turn the Pully 
AB, and ſo by vertue of the different gravities, the 
Point I will anſwer to different Points of the Pully 
AB, upon which theſe different Points are mark'd 
with the number of the reſpective Pound: hanging 
at E. Such is the new Machine with which any thing 


may be weigh'd, after the ſame manner, as with that 


laſt deſcrib'd. 

One may eaſily perceive by the Figure, that the 
String or Cord BDCA keeps up and rans under the 
lower Pully CD, and is made very faſt at one end 
ar the Point G, and at the other end at ſome Point of 
the other Pully, ſuch as H : Which contribures very 
much to turn the Pully AB round its Axletree when 
tis drawn or pull'd by the part AC of the Rope, by 
reaſon of the weight at the Hook E; which weight 
will then be mark d upon the Pully AB by the Point 
I, the Machine being * upon one's Thumb, 

a or, 
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or, which is better, upon a Stick run through the 


v 


Ring F. | « 


PROBLEM VL 


To obſerve the various Alterations of the Weight of obs 
Air. 


HE Air being a Body muſt needs have Gravity; 

a proof of which we have in a Football or Blad- 
der, which weighs more when blown than when tis 
nor, and in an infinite number of other Experiments, 
Torricelli was the firſt that aſſign'd the gravity of the 
Air for the caule of all the effects that the Philoſo- 
phers had till then imputed to a Fuga vacui. As this 
Gravity is not infinite, the Sphere of che Air being 
limited, ſo its effect is limited, as we ſee in a Pump, 
where Water will not riſe higher upon — up 


the Sucker, than 32 Foot, becauſe the gravy of the 


Air can't force it beyond that height. In like man- 

ner in drawing up Quickſilver with a Syringe, twil 

riſe no higher than two Foot and about three Inches, 

(at which height it weighs equally with a Column 

of Water of 32 Foot high) more cr leſs according as 

8 4 is fraighted with Vapours, or condenſated with 
old. 

Thus you ſee the gravity of the Air is not always 
equal at the ſame place; but varies, as tis more ot 
lets ſtuff'd with Vapours. Now, this difference of 
gravity is known by an Inſtrument call'd a Barometer, 
which is contriv'd after the following manner, 

Take a crooked or bended Tube of Glaſs, ſuch as 
ABC, upon which are two Cylindrical Boxes E. D, 
mutually diſtant in height 27 Inches, that being much 
about the height ro which the gravity of the Air can 
raiſe Quickſilver ; that is to ſay, a Priſm of Air from 
the Earth ro the nppermoſt Surface of the Air is i 
Æquilibrio with about 27 Inches of Quickfilver in 4 
Tube or Gurter perpendicular to the Hor zon. 

The Box D muſt be much bigger than the reſt of the 
Tube CD, for a reaſon that you'll meet with in the 
Scquel ; and the èxtremity A ovght to be hermett- 
cally ſtop d, that is, ſtop'd with its own proper Sub- 

ſtance z 
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ſtance ; bur the other extremity C muſt be open; and 
there we muſt pour in as much Quickfilver as fills 
the Tube ABC, from thg middle of the Box D to 
the middle of the other E, the capacity of which 
ſhould be almoſt equal to that of the firſt D. 

Ar laſt you muſt fill the remainder of the Tube 
be CD with ſome other Liquor that do's nor freeze in 
Winter, nor yer diſſolve Quickſilver. Such is com- 
mon Water mix'd with a ſixth part of Aquafortis. 

If you place the Tube ABC thus fill'd with Air, 
and Warer, and Mercury in the middle, perpendicu- 
larly againſt a Wall in a Room, where it may be 
conveniently ſeen and not hurt, you'll ſee the Quick- 
filver aſcend or deſcend in the two Boxes D, E, up- 
on the leaſt alteration of the gravity of the Air. When 
the Air is heavier it preſſes the Water of the Tube CD, 
and makes ir deſcend in the Box D, as well as the 
Quickſilver, which riſes as much in the Box E. If 
the Mercury deſcends thro' the gravity of the Air, 
for Example, a Line in the Box D, twill riſe a Line 
in the Box E, and the Water in the reſt of the Tube 
CD will deſcend into the Box D, fo that if the Box 

is ten times more capacious than the reſt of the 
Tube CD, 'rwill require ten Lines of the Water of 
the Tube CD to fill one Line of rhe Box D; and 
thus the leaſt alteration of the gravity of the Air is 
very ſenſibly perceiv'd, eſpecially if the Boxes E, D, 
are made large. For the diſtincter perception of this 
Alteration, there is uſually a flip of Paper divided in- 
to Inches and Lines, paſted on along the Tube ABC; 
in order to obſerve the Diviſion at which the Mercu- 
ry hangs; as we do in the Thermometers , Which what 2 
2 ſerve to diſtinguiſh the Degrees of Heat and Cold, Tzermenere? 


* 


7 as the Barometer do's the greater or leſſer gravity of ** 
ch the Air; which may likewiſe be done by a ſingle Tube 
* of Glaſs three or four Foot long, ſhut at one end and 
m filld with Quickſilver, after this manner. | 
1 Having ſtop'd with your Finger the open end of 


the Tube, to keep the Quickſilver from dropping out 

when the Tube is inverted, dip the open end into 
the other Quickſilver in a Veſſel, then take off your Fin- 
the ger, and the Tube will not be quite empty, bur the 
ti. Quickſilver will hang in it ro the height of 27 In- 
üb- ches and a half, more or leſs, according to the diffe- 
e; Aa 2 rent 
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rent temperature of the Air. Here the Mercury hangs 
by reaſon of the gravity of the whole. Maſs of Air, 


. 


which gravitating upon Mercury in the Veſſel, 
preſſes it down and hin its riſe, ſo as to give 
place to that in the Tube, which by conſequence cant 
deſcend. 


PROBLEM VII. 


To know by the Weight of the Air, which is the higheſt of 
two places upon the Earth, .. 


TH E gravity of the Air is not every where equal, 

for it gravitates leſs upon eminences and tops of 
Mountains, than in ſuch places as lie lower, as Val- 
leys; by reaſon that there's more Air over Valleys 
than over Mountains; juſt as the bottom of a Pit is 
more preſs d by the gravity of Water when tis full, 
than when tis half full; for Liquid Bodies gravitate 
according to their height. 

Thus we know by experience, that in all level pla- 
c&, or ſuch as being equally h gh are equidiſtant from 
the Center of the Earth, Quickſilver riſes in a Bare- 
meter to an equal height; and to a leſſer height in pla- 
ces that ie lower. From hence we may conclude, 
that rw Mountains, for example, are of equal height, 
if rhe Quickfilver riſes equally upon both; and that 
one is higher than rother, if the aſcent of the Mercury 
is unequal. 

To determine, as near as may be, the height of 
any place above the Plain of the Horizon, we muſt 
mind the following Experiments made by Mr. Paſcal 
of rhe gravity of the Air upon the level of the Sea, 
and in places lying 10, 20, 100, 200 and 500 Toiles 
higher, when the Air was indifferently charged with 
Vapours, 

Upon the level of the Sea, the attracting Pump rai- 
ſes Water 31 Foot and about 2 Inches; and in places 
that are 10 Toiſes higher, ir raiſes it 31 Foot and 1 
Inch. Here you ſee 10 Toiſes Elevation caules 1 
Inch Dimmution. (A Toiſe is 6 Foot.) 


By 
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By other Experiments we learn that in places that 
are 20 Toiſes higher than the Sea, the Water riſes 
only 31 Foot; and in thoſe of 100 Toiſes higher only 
30 Foot 4 Inches; in the height of 200 Toiſes, only 
29 Foot 6 Inches; and at 500 Toiſes about 27 
Foot. : 


PROBLEM VIII. 
To find the gravity of the whole Maſs of Air. 


W E found in Problem VII. Coſm. that the Sur- 


face of the whole Earth js 32356800 ſquare Pa - 


riſian Leagues, which amounts to 4659379200000000 
ſquare Feet. We muſt know likewiſe that a Cube 
foot of Water weighs about 72 Pound; and conſe- 
2 that a Priſm of Water having a ſquare foot 
or its Baſe, and 32 foot for its height, weighs 2304 
Pound, as appears by multiplying 72 by 32. 

In fine, we muſt know, that conſidering that the 
gravity of the Air can't raiſe Water above 31 or 32 
Foor, if we ſuppoſe all the places of the Earth ro be 


equally loaded with Air, tho' indeed that is not abſo- 


lurely true, fince all places are nor equally remote 
from the Center of the Earth, and the Air is not every 
where nor at all times equally pure; upon this Con- 
ſideration, I ſay, we may ſuppoſe all the parts of the 
Earth to bear as great a preſſure from the Air, as if they 
my cover'd with Water to the depth of 31 or 32 
oor. | 

IP this Suppoſition, which may readily be re- 
ceiv'd in Mathematical Recreations, tis maniſeſt that 
if the whole Earth were cover'd with Water 32 Foot 
high, there would be as many Priſms of Water 32 
Foot high, as there are ſquare feet upon the Surface 
of the Earth, viz. 4659379200000000 Priſms of 
Water; which Number multiplied by 2304. (the 
weight of one of theſe Priſms in Pounds) yields 
19735209676800000000 pounds for the weight of the 
whole mals of Air. | ; 
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PROBLEM TIX. 


To find by the Gravity of the Air the Thickneſs of its Orb, 
and the Diameter of its Sphere, 


BY the thickneſs of the Orb of the Air we under- 
ſtand the diftance from its upper Surface where 
its gravitation ccaſes, to rhe Surface of the Earth, 
which we ſuppoſe to be in the Center of the Sphere 
of the Air, without farther enquiry into the preciſe 


would be of little conſequence in Mathematical Re- 
Creations. 

To find in the firſt place this rhicknels, let's conſi- 
der, that if o Toiſes (or 60 Foot) of height, cauſe 
an Inch diminution of the effect of the graviry of the 
Air, as we obſerv'd Probl, VII. and if the whole 
weight amounts only ro 31 Foor 2 Inches, that is, 
374 Inches, after a diminution of which the Air will 
ceaſe to gravitare : We may find the thickneſs of the 
maſs of Air, or the diſtance of its upper Surface from 
the Earth, by the Rule of Three Direct : If the di 
minution of one Inch ariſes from ro Toiſes of height, 
what height muſt the diminution of 374 Inches pro- 
cced from? Here multiplying 374 by 10, you have 
3740 Toiſes for the thicknels in queſtion, which doubt: 
leſs is much greater. 

In a ſecond place, to ſind the Diameter of the Sphere 
of the Air, we take the Diameter of the Earth, which 
in Probl, VII. Coſm. we found to be 3210 Parifia 
Leagues, or 6420090 Toiſes; and add to it 7480 the 


double of 3740 the thickneſs of the Air, and the Sum 


gives 6427480 for the Diameter of rhe Sphere of bi 


ir. 
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PROBLEM X. 


To fill a Cash with Wine or any other Liquor by a Tap in 
the lower part. 


W Eve intimated already that Liquid Bodies gravis plate 15; 
rare only according to their height, and io to fill Fig. 30. 

the Cask A not by the Bung E, but by a lower Tap B 

in the lower part of it; we need only to put into that 

aperture a crooked Pipe, ſuch as BCD, with a ſort of 

Funnel in its upper end D, which ought to be as high 

as the Cask; and pour the Wine in at the Funnel D, 

which falling down the branch DC that ought to be 

very near Perpendicular, and entring the Cask by the 

other branch CB, which ought to be level, will af- 

ſume an Horizontal Situation, and keep an equal height 

in the Cask with that in the Crane; and tis for that 

reaſon that we know the Cask to be full when the 

branch CD is full. 


PROBLEM XI. 


To ha with a Stick another Stick reſting upon two Glafa 
ſes, without breaking the Glaſſes. 


HE Stick AB that is to be broken muſt not be 1 
very thick, nor yet lean much upon the Glaſſes; ig. 31. 
it ought as near as poſſible to be equally thick all over, 
for the eaſier finding of its Center of gravity C, which 
will then be in the middle. 
The ſtick AB being thus qualified, we lay its two 
ends, A, B, which ought to terminate in a Point, upon 
the brim or edge of two Glaſſes of equal height, ſo 
that the ftick AB do's not lean to one fide or end more 
than tother, and the two pointed ends reſt bur light- 
ly upon the edge of each Glaſs, to the end that when 
ir bends a little thro' the violence of the ſtroak, ir 
may eaſily flip. off, and break at the ſame time. This 
done, we take another ſtick, 'and with that give a 
fmarr blow upon the middling Point C, which being 
the Center of gravity will receive all the force of the 


Aa 4 blow 
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blow ; thus, will the ſtick AB break, and that the 
more ealily that the blow 1s violent, and fall clear of 
the two Glaſſes which remain unbroken, becauſe the 
ſtick lay bur very gently and equally upon the brim 
of each; for if it reſts more upon one Glaſs than 
rother, twill preſs that one moſt, and ſo may break 
It. 


PROBLEM XII. 


To find a Weight of a given number of Pounds, by the 
means of ſome other different Weights. 


ä T* I S Problem may eaſily be reſolv'd by the dou- 


ble or triple Geometrical Progreſſion, eſpecially 
the Triple, 1, 3, 9, 27, $1, 243, Sc. the property of 
which is ſuch, that the laſt number contains twice all 
the reſt and one more, when the Progreſſion commen- 
ces from Unity, as here, So that if the given num- 
ber of Pounds is, for example, from 1 ro 40, which is 
the Sum of the four firſt Terms, 1, 3, 9, 27 ; you may 
make uſe of four different Weights, one of which 
weighs 1 Pound, another 3, a third 9, and the fourth 
27 ; and by them find the weight of any other num- 
ber of pounds, for example 11 pounds. l 

For, ſince the given number 11 is leſs than 12 by 1, 
and ſince 12 is the ſum of rhe Weights 3 and 9 which 
you have ; if you pur into the Scale A the one pound 
weight, and into the other Scale the 3 and 9 pound 
weights, theſe rwo weights will then weigh only 11 
pound, by reaſon of the one pound weighr in the other 
Scale; and conſequently if you put any ſubſtance into 
the Scale A along with the 1 pound weighr, which 
ſtands in Equilibrio with the 3 and 9 in the other Scale, 
you may conclude that Subſtance weighs 11 pound. 

In like manner to find a 14 pound weight, pur into 
the Scale A, rhe 1, 3, and 9 pound weights, and into 
the Scale B that of 27 pound, becauſe this 27 t. 
weight outweighs the other three by 14. To find a 
weight of 15 lb. put in one Scale 3 and 9, and in the 


other 27, which exceeds the other two by 15. 
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PROBLEM XIII 


A Pipe full of Water being perpendicular to the Horizon, 
to find to what diſtance the Water will flow thro' a hole 


made in a given Point of the Pipe, 


JEccribe round the Pipe AB which is (uppos'd to be pute 15. 


full of Water and perpendicular to the Horizon, Fig- 32. 


the Semicircle ABC, and bore the Pipe in ſeveral pla- 
ces, as at the Points D. E. F, for the Water to flow our 
at; In this caſe, the Water in flowing out will make 
the Semi Parabola's DG, EH, FG; of which the Am- 
plitudes BG, BH are double the correſponding Sines, 
1. e. the Lines DI, EC, EK, perpendicular to the Dia- 
meter AB; the Amplitude BG being the double of 
DI and of FK, and BH the double of EC : So that 
if the Point E is the middle of the Pipe AB, or the 
Center of the Semicircle ABC, EC being the greateſt 
Sinus, the amplitude EH wilt likewiſe 6 the great- 
eſt; and ſince the Sines equally remote from the Cen- 
ter E, as DI, FK, are equal, ſo the two Semi-Para- 
bola's DG, FG, found by the fall of the Water thro' 
the holes D and F equidiſtant from the Center E. 
have the ſame Amplitude BG. Tis evident that the 
greateſt Amplitude BH is equal to AB the height of 
the Pipe, and that its extremity B is the focus of the 
Semi- Parabola EH, and by conſequence if you broach 
the Pipe AB at its middle-point E, the Water will 
ſpout out to a diftance equal to the length of the 
Pipe AB. 

Bur if you make a hole in the Pipe above or be- 
low the middle E as at F, you'll find the diſtance BG, 
to which the Water will then flow, by delcribing 
round the Pipe AB or round a Line equal to it,the Semi- 
circle ABC, and drawing from rhe Point F to the Dia- 
meter AB the perpendicular FK, which will be half 
the diſtance {ought for. 

Or if the Pipe is ſo large, that you can't draw a 
Circle round it, do it by Arithmetick, multiplying the 
two parts AF, BF, into one another, the ſquare Root 
of which Product gives the quantity of rhe Perpendi- 
cular FK, or half the diſtance BG. Thus, if * 

2 2 In- 
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2 Inches, and BF 32 Inches, the length of the Pipe 
being 34, multiply 32 by 2, and from the Product 
64 extract the ſquare Roar 8, the double of which is 
16 Inches for the diſtance BG. 


PROBLEM XIV. 


To contrive a Veſſel, which keeps its Liquor when fill 


to a certain height, but loſes or ſpills it all when fd 


4 little fuller with the ſame Liquor. 


AK E aGlaſs, for example ABCD, and run thro 
the middle of ir a ſmall bended Pipe or Crane 
EFG open at the end E next the bottom of the Glaſs, 
and likewiſe at the other end G which muſt be lower 
than the bottom of the Glaſs; for then the Water or 
Wine pour'd into the Glaſs conrinues in ir while the 
branch EF is filling, and till it comes to the bend F or the 
uppermoſt part of the Crane, which withal ſhould be 
a little lower than the upper edge of the Glaſs : Bu 
after that if you continue to pour more in, 'twill riſc 
higher in the Concavity of the Glaſs, and not finding 
place for a farther aſcent into the Crane by reaſon of 
its bending downwards at F, 'twill change its Aſcent 
into a Deſcent thro' the branch FG, and continue to 
deſcend and -run out by the end G, as long as you 
continue to pour in; nay, when you have done pout- 
ing, you'll ſee that all that was in the Glaſs before is 
one. 
: You may make the Water run out at the lower 
end G, tho' the Glaſs is not fill'd up to the top of the 
Crane, namely, by ſucking at the lower Aperture G 
the Air contain'd in the Crane, for then the Water 
will neceffarily ſucceed in the room of the Air, and 
continue to deſcend thro' the branch FG till the Glas 
is empty, eſpecially if the Qrifice touches the bottom 
of the Glaſs, as you ſaw in Prob. III. 

Or elſe; run the ſmall Pipe EF perpendicular dow! 
thro* the Glaſs ABCD; let the Pipe be open ar boti 
ends, E and F, the uppermoſt of which, viz. E onght 
to be a little lower than the brim of the Glaſs, and the 
other end F a little lower than the bottom of rhe 
Glais. Pur this {mall Pipe EF in another larger "my 

Ns | | 
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GI ſtop'd ar the upper end G, which muſt be a little 
higher than the end E of the firſt and ſmaller Pipe 
EF, and open at the lower end I, which muſt rouch 
the bottom of the Glaſs if you would have all the Wa- 
ter to run out, which *rwill do when it riſes to G, for 
then paſſing thro the Orifice I of the Pipe GT, twill 
enter the Pipe EF by the end E, and run out at the 
other end F. 


PROBLEM XV. 


To make a Lamp fit to carry in one's Pocket, thas ſhall 
not go out tho you roll it upon the Ground, a 


18 make a Lamp that never ſpills its Oil, and ne- 
ver goes cut in any poſition whatſoever, make 
faſt the Veſſel that contains the Oil and the Match to 
an Iron or Braſs Ring, with two ſmall Pivots or Hin- 
ges diametrically oppoſite, that ſo the Veſſel may by 
its weight continue in Æquilibrio round the two Hin- 
ges, and turn with freedom within the Circle, ſo as 
to keep always to an Horizontal Poſition, as in your 
Sea-Compaſſes, which have two ſuch Circles to keep 
them Horizontally : And in like manner this firſt Cir- 
cle ought to have two other Pivors diametrically o 

fire, which enter into another Circle of the = 
Subſtance ; and that ſecond Circle has two other little 
Hinges inſerted in another Concave Body that ſur- 
rounds the whole Lamp. Thus the Lamp with its 
two Circles may turn freely upon its fix Hinges, which 
give to the Lamp when tis rurn'd, fix different Fol” 


ons, viz. up and down, forwards and backwards, to 


the right and left, and which ſerve to keep the Lamp 


in an Horizontal Poſition, which being in the middle 


do's always reſt upon its Center of gravity, that 
is, its Center of gravity is always in the Line of Di- 
rection, which hinders the Oil to ſpill, turn it which 
way you will. | 
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PROBLEM XVI. 


To place three ſticks upon an Horizontal Plain, in ſuch a 
manner, that each of em reſts with one end upon the 
Plain, and the other ſtands upright. 


1 make three Sticks, or three Knives, Sc. keep 

one another up while each of em reſts with one 
end upon a Table, even tho a weight were laid upon 
em: Incline or ſlope one of em, as AB, raiſing the 
end B aloft, and reſting the other end A on the Table; 
then put one of the other two Sticks as CD, a- croſs 
over it, raiſing the end C, and touching the Table with 
the other end D; then take the third Stick EF and 
compleat the Triangle with it, making one of its ends 
E reſt on the Table, and running it under the firſt 
AB ſo as to reft upon the ſecond CD. The three 
Sticks lying thus a-croſs one another, will mutually 
ſupport one another, ſo that they cannot fall, through 
any weight upon em, unleſs they bend or break thro? 
the over-bearing Gravitation; which if mcderate, 
will, inſtead of making them fall, ſtrengthen them and 
keep them firmer in that Poſition. 


PROBLEM XVII. 


To make three Knives turn upon the point of a Nee- 
dle. 


Po the end of the Haſt of one Knife, as AB, faſten the 

point of another Knife AC, ſo as to make BAC a 
right Angle or thereabouts; then faſten to the end of the 
haft of the Knife AC the point of a third Knife CD, 
ſo as that the Angle ACD comes near to a right An- 
gle; for thus the three Knives, AB, AC, CD, will 
be diſpos d in the form of a Ballance ; the two Scales 
of which ate repreſented by the two Knives that hang, 
AB, CD. and the Beam by the Knife AC, upon which 
by confequence you will find after ſeveral eſſays the 
Center of Motion, or the fix'd Point, from which the 


Ballance being ſuſpended, will reft in Æzuilibrio with 
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irs two Scales AB, CD. To this Point, ſuch as E, 
put a Needle EF at Right Angles, ſo that the Knife 
AC, with the two other Knives, AB, CD, may remain 
in Ægquilibrio round this the Center of their compoun- 
ded Gravity. The Needle muſt be held very tight 
upon the Perpendicular, and then the leaſt force, ſuch 
as that of the blowing of one's Mouth, will make 
them turn and dance, as it were, round the point of the 


Needle without falling. 


PROBLEM XVIII. 
To take up a Boat that's ſunk with a Cargo of Goods, 


IF a Boat ſinks in a deep River, you may bring her 

up again, by getting two other Boats, one empty, 
and the other deep loaded with ſome heavy Subſtance, 
as Stones, Sc. You muſt tie theſe two Boats to the 
Boat that's ſunk with two Ropes, and extending the 
Rope of the deep loaded Boat, unload her into the 
other that's empty; which will raiſe the firſt Boat a 
little, and make it draw along with it the Boat that's 
under Water, and at the ſame time make the ſecond 
Boat ſwim ſo much deeper in the Water. The ſe- 
cond Boat being thus loaded, you muſt bend her Rope 
and unload her again into the empty Boat, and there- 
upon ſhe becoming lighter, will riſe and draw the 
Boat under Water ſo far further up. Thus you conti- 
nue to load and unload till you bring the Boat even 
with the Water, and then tow her to the fide. 


PROBLEM XIX. 
To make a Boat go of it ſelf up a rapid Current: 


TH E more rapid a River is, the eaſier tis to make 

a Boat go of it ſelf up againſt the Current, by a 
Rope and a Wheel with irs Axletree that has Wings 
like the Wings or Sweeps of a Mill-wheel. 

Fix the Wheel with its Axletree at the place to 
Which you would have the Boat conducted, and let its 
dweeps be as deep in the Water, as there is * 

or 
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for turning it round; tie a Rope to the Boat and to 


the Axletree of the Wheel, which turning with its 


Axletree by vertue of the rapidity of the Water, will 
wind up the Rope on its Axletree, and ſo by the ſuc. 
ceſſive abbreviation of the Rope, drag it againſt the 
Current to the place propos d; which twill reach ſo 
much the ſooner that the Current is rapid, the rapidity 
quickening the motion of the Wheel. 


PROBLEM XX. 
To find the weight of a Cubical foot of Water. 


E intimated above Prob. VIII. that a Cubical foot 
of Water weighs about 72 Pounds; which is 
eaſily tried by filling a Veſſel, the Concavity of which 
is juſt a Cubcical foer, and meaſuring the Water. But 
an eaſier way is this. | 

Get a Rectangle Parallelepipedon, as ABCD, of ſome 
homogeneous Matter, the ſpecifick Gravity of which 
is leis than that of Water, ſuch as Firwood, {o that, 
when put into Water 'twill not fink quite: Take 2 
exact account of the weight of this fold Body, which 
we {hall ſuppoſe to be 4 pound. 

Pur it into Water, and make a mark where it cea- 
ſes to fink. as EFG; for then the ſpace taken up by 
ir in the Water being ABGE, the Water that would 
fill char - ſpace, would weigh exactly 4 pound, that is, 
as much as the Body ABCD weighs in the Air, by 
this General Principle of the Hydroſtaticks, that the 
weight of a Body is equal to that of a Cclumn % 
Water equal to that the room of which is taken up in 
the Water. 

This Column of Water, which is here repreſented 
by ABGE, may be meaſur'd Geome rically, by mul- 
tiplying the breadth EF, which we ſhall ſuppoſe to be 
4 Inches, by the height AF, which we ſuppoſe ro be 
3 Inches; and the product 12 by the length AB, ot 

G, which we ſhall call 8 Inches For thus you 
have 96 Cubical Inches for the ſolidiry of the Prim 
ABGE. 

Thus we know that 96 Inches of Water weigh 4 


pound; and ro know the weight ot a Cubical- foot * 
che 
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the ame Water which is 1728 Cubical Inches (as ap- 
pears by multiplying 12 by 12, and the Product by 
| 12 again) we muſt ſay by the Rule of Three direct; 
tit 96 Inches weigh 4 Pound, how much will 1728 
sches weigh; that is ro ſay, we muſt multiply 1728 
by 4, and divide the Product 69i2 by 96, and ſo 
we'll find that a Cubical foot of Water weighs 72 
Pound.. 


PROBLEM XXI. 


To make a Coach that a Man may travel in without 
Horſes. | 


HE two fore-wheels muſt be little, and movea- Plate 16. 
ble round their common Axletree, as in the or- Fig. 29. 
dinary Coaches; and the hinder Wheels muſt be large, 
as AB, CD, and firmly fix'd ro their common Axle- 
tree EF, inſomuch that the Axlerree can't move, with- 
our the Wheels move along with it. 

Round the middle of the Axletree EF put a Trun- 
dlehead, with ſtrong and cloſe Spindles, and near to 
that fix upon the. Beam a notch'd Wheel IK, the 
norches of which may catch the Spindles of the Trun- 
dlehead, and ſo in turning with the handle NOL, 
that Wheel round its Axletree LM, which ought to 
be perpendicular to the Horizon, it will turn the Trun- 
de GH, and with that the Axletree EF, and the 
Wheels AB, CD, which will thereupon fer forward 
the Coach, without Horſes or any other Animal. I 
need not tell you that the Axletree muſt enter into the 
Beam, in order to turn within it. 

There was invented at Paris, ſome years ago, a 
Coach or Chaiſe like that in Fig. 42. which a Footman pate 19; 
behind the Coach makes to go with his two Feet al- Fig. 42. 
ternately, by vertue of two little Wheels hid in a Box 

between the two Hind-wheels, as A, B, and made faſt 
doo the Axletree of the Coach. 

In ſhorr, the contrivance of the Machine is this, Plate 17. 
AA in Fig. 43. is a Roller, the two ends of which are Fig. 43. 
made faſt to the Box behind the Chaiſe, B is a Pully 
upon which runs the Rope that faſtens the end of the 
Planks CD, upon which the Footman puts his Feet. 


E is 
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E is a piece of Wood that keeps faſt the two Planks 
ar the other end, allowing them to move up and down 
by the two Ropes AC, AD, tied to their two ends. 
F, F, are two little plates of Iron which ſerve to turn 
the Wheels, H, H. that are fix'd to their Axletree, 


which is likewiſe fix d to the two great Wheels, I, I. 


Thus, you will readily apprehend that the Footman 
utting his Feet alternatly upon C and D, one of the 
lates will turn one of the notch'd Wheels; for Ex- 

ample, if he leans with his Foot upon the Plank C, 
it deſcends and raiſ?zs the Plank D, which can't riſe 


bur at the ſame time the plate of Iron that enters the 


notches of the Wheel, muſt needs make it turn with 
its Axletree, and conſequently the two great Wheels, 
Then the Footman leaning upon the Plank D, the 
weight of his Body will make it deſcend and raiſe the 
other Plank C., which turns the Wheel again; and ſo 
the Motion will be continued. 

Tiis ealy to imagine that while the two Hind- 
wheels advance, the two Fore-wheels muſt likewiſe 
advance; and that theſe will always advance ſtraight, if 
the Perſon that ſits in the Chaiſe manages them I 
Reins made faſt to the Forebeam. 


PROBLEM XXII. 


To know which of two different Waters is the lighteſt, 
without any Scales. 


FT Ake a ſolid Body the ſpecifick gravity of which is 

leſs than thac of Water, Dale or Firwood, for 
inſtance ; and put it into each of the two Waters, and 
reft afſared that twill fink deeper in the lighter than 
in the heavier Water; and ſo by obſerving the diffe- 
rence of the ſinking you'll know which is the lighteſt 


Water, and conſequently the wholſomeſt for Drink- 


ing. 
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PROBLEM XXIL 


To contrive a Caskh to hold three different Liquors, thas 
may be drawn unmix'd at one and the ſame Tap. 


TJ HE Cask muſt be divided into three Parts of Plate 16. 
Cells, A, B, C, for containing the three different Fig 39+ 
Liquors, as Red-Wine, White-Wine, and Water ; 
which you may put into their reſpective Cells at one 
and the ſame Bung, thus ; 
Pur into the Bung a Funnel D with three Pipes, 
E, F, G, each of which terminates in its reſpective 
Cell. Upon this Funnel clap another Funnel H with 
three Holes, that may anſwer when you will the Ori- 
fices of each Pipe; for thus, if you turn the Funnel H 
ſo as to make each Hole anſwer ſucceſſively ro. its cor- 
reſponding Pipe, the Liquor you pour into the Funnel 
H will enter that Pipe, it being till ſuppos'd that when 
one Pipe is open, the other two are ſhur. 
Now to draw thele Liquors without mixing, you 
muſt have three Pipes K, L, M. each of which an- 
ſwers to a Cell, and a ſort of Cock or Spigot IN wih 
three Holes anſwering the three Pipes, and ſo turning 
i till one of the Holes firs its reſpective Pipe, you draw 
the reſpective Liquor by it ſelf, | 


PROBLEM XXIV, 
To find the reſpective parts of a Weight that two Perſorrs 


bear upon a Leaver or Barrow. 


, 


To find the part of the Weight C, ſuppos'd to be Plate 16. 
150 Pounds, which two Perſons bear upon the *'* 4* 
Barrow AB, ſuppos d to be 6 Foot long; we'll ſu 
poſe that D is the Center of gravity a the Body E. 
ard its line of Direction is DE, in which caſe we 
muſt conſider the Point E, as if the Body C were 
hung; and then tis (ident, that if the Point E be in 
the middle of AB, each Perſon will bear 75 pounds 
or half the weight C; bur if tis not in the middle, 
but bears nearer to B for inſtance than to A, ſo that 
a hear 
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Plate 1 6. 
Fig. 41. 
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Fig. 31. 
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a heavier part of ir falls upon B than upon A, thar 
part may be determin'd, thus; 

If you ſuppoſe the part AE of the Leaver or Bar- 
row AB, to be 4 Foot, and conſequently the other 
part to be 2 Foot (the whole length being ſuppos d 
to be 6 Foot) multiply the given weight 150 5 4 
the meaſure of the part AE, and divide the Product 
600 by the length AB, zz. 6, and the quotient gives 
100 pounds for the part of the weight born by a Power 
applied at B; ſo that conſequently the Power at A 
muſt bear only 50. 


PROBLEM XXV. 


To find the Force der ge for raiſing a weight with 
a Leaver, the length and fix'd point of which are 
given. 8 

N E'll ſuppoſe the weight C ro weigh upon the 

Leaver AB 150 pounds ; and the Power applied 


at its extremity B to be diſtant 4 Foot from the ficd 


Point D, ſo that the remaining part AD of the Lea- 
ver is 2 Foot, the whole Leaver AB being ſuppos d 
6 Foot long. Multiply the weight C, 150, by 2 the 
part AD, and divide the Product 300 by 4 the other 
part BD; and the Quotient 7; will be the Force re- 
_ for ſuſtaining the weight C by a Power at B; 
rom whence you will readily conclude, that the Pow- 
er applied at B muſt have a force ſome what greater 
than that of 75 pounds, for moving and raifing the 
weight C. | 


PROBLEM XXVL 


To cenerive a Veſſel that holds its Liquor when it Hand. 
upright, and ſpills it all if it be inclin d or ſtoop 
but a little, 


Yo U may eafily reſolve this Problem by obſerving 

Problem 3. and 14. for if you put within the Vet- 
ſel AB, a Syphon or bended Tube CDEF, rhe Oriſice 
of which G touches the bottom of the Veſſel, the 


other Mouth F being lower than the bottom of the 
Veiel 
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Veſſel, ſo that the Leg or Branch CD is ſhorrer than 
the other DEF : And then, if you fill the Veſſel with 
Water to about the upper part D, the Water will not 
run out; but if you incline the Veſſel AB never ſo 
little towards A, as if you were going to drink, the 
Water will go from the Branch CD into the Branch 
DEF, and run all out at the Mouth F, even tho' the 
Veſſel be ſet upright again, upon the account that the 
Air can ſucceed into the room of the Water when it 
deſcends thro the Branch DEF. 


PROBLEM XXVII. 


To find the weight of a piece of Metal or Stone without 
a pair of Scales. 


371 


JN the firſt place get a Concave Veſſel in the figure Plate : 
of a Priſm, of what Baſe you will, tho' a ſquare FA . 


or oblong Baſe is moſt convenient, as ABC, the length 
of which AB is ſuppoſed ro be 6 Inches, the breadth 
BC 4 Inches, ſo that the Baſe ABC is 24, as appears 
by multiplying 6 by 4. 

This Veſſel muſt be fill'd with Water to a certain 
part, for example to DEF ; in which you're ro pur 
the piece of. Metal taking care that it be all cover'd. 
for if tis not quite cover d, you muſt pour more Wa- 
ter in: When the Metal is in, the Water will riſe to 
the part GHI, for example, ſo that the Priſm of Wa- 
ter GEI will be equal to dhe ſolidity of the piece pro- 
pos d. 

Now, the ſolidity of the Priſm of Water GEI is 
found by multiply ing the Baſe DEF, which is equal 
to the Baſe ABC, 3. e. 24 ſquare Inches, by its height 
EH or FI, which we ſuppos'd to be 2 Inches; tor 
the Product gives 48 Cubical Inches for the ſolidity 
of the Priſm of Water GEI; by which you may find 
its weight, ſuppoſing a Cubical Foot of the ſame 
Water to weigh 72 Pounds, and ſaying by the Rule of 
Three Direct; If a Cubical Foot ot 1728 Ounces 
weigh 72 Pounds, what will 48 Inches weigh 2 Thus 
multiplying 72 by 48, and dividing the Product 3456 
by 1728, you find the weight of the Priſm GEI co be 


2 Pounds, 
B Þ 2 The 
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The weight of the Water being thus found, you 
will eaſily find the weight of the ur of Metal or 
Stone, by multiply ing the weight found 2, by 3 if the 
piece is Flint or Rock- Stone, by 4 if "tis Marble, by 
8 if Iron or Brats, by 10 if Silver, by 11 if Lead, 
and by 18 if Gold. Thus you'll find the propos'd 
Piece, ro weigh 6 pounds it it be hard Stone, 8 pounds Will | 
if Marble, 16 if Iron, 20 if Silver, 22 it Lead, and 


36 if Gold. {i 
Remark. 'Tis true the weight thus found is not very exa@, | 
an caſie vy but it may ſerve for Mathematical Recreations. Ti U 


| 2 
8 — to be obſerved that by this Problem you may find 
| 


of Irregular with great facility the ſolidity of a Body, that can't 
hodies. be taken exactly by common Geometry without dif- 
ficulty, that is, when a Body is very irregular, as a 
rough Stone, or any other unpoliſh'd Body. For 
hereby you may find the ſolid ity of a Priſm of Water 
1 to which the rough Body muſt needs be equal. f 


PROBLEM XXVIII. 


To find the ſolidity of a Body, the weight of which i 


_ 
— 
—_ 


known, 


| TH I'S Problem may eafily be reſolved by the 

| following Table, which ſhews in Pounds and l 
Ounces the weight of a Cubical foot of ſeveral diffe- Ml * 
rent Bodies; and in Ounces, Drams, and Grains, the 
weight of a Cubical Inch of the ſame Bodies, the Ml © 
| Pound containing 16 Ounces, the Ounce 8 Drams, 
and the Dram 72 Grains, N 
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A Table of the weight of a Cubical Foot, andof a Cubical 
Inch of ſeveral different Bodies. 


* 


A Cubical Foor.] A Cubical Inch. 
Of Pounds, Ounces. Oun. Drams, Grains. 
Gold 1326 111 2 12 
Mercury 946 10 8 6 8 
Lead 802 2 7 3 30 
Silver 720 2 5 28 
Copper 627 12 5 6 36 
[ron 558 0 5 I 1 
Pewter 516 2 4 "WEE © he 
White Marble 188 12 I 6 © 
| ed Mw EE —_—— — — 
Free-Stone | 139 INOS. 24 
Water 69 I2 Q 5 12 L 
| Vine 683 6 © 5 5 | 
Wax 66 4 © 4 65 
[Oil | 64 o li al. 4 43 


8 —— 
. 


You learn by this Table, that a Cubical foor of 
Iron, for inſtance, weighs 558 Pounds, and ſo if a piece 
of that Metal weighs, for example, 279 Pound, you 
find its Solidity by the Rule of Three Direct, viz. If 
a weight of 558 Pounds gives a Cubical foot, or 1728 
Inches of Solidiry, what will a weight of 279 Pounds 
yield? Thus multiplying 279 by 1728, and dividing 
the Product 482112 by 558,you have in the Quotient 
364 Cubical Inches for the ſolidity of the piece 
propos'd.” | 
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If on the other hand you have a piece of Silver, Remark. 


ſor example, and want to know the weight of it, find 
lirſt its Solidity wich Water as in the foregoing Pro- 
blem; and if chat Solidity, is, for example, 43 Cubi- 
cal Inches, multiply the number 48 by 6 Ounces, 
5 Drams, and 28 Grains, which is rhe weight of a 
Cubical Inch of Silver, as you ſee in the foregoing 
Table, and you have in the Product 20 Pounds, 2 
Drams, aid 48 Grains for the weight of the Piece of 
dilyet propos d. And fa in other caſes, 
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PROBLEM XXIX. 


A Body being given that's heavier than Water, to find 
what height the Water will riſe to, in a Veſſel filld 
to a certain part with Water, when the Body i: 
thrown into it. 


W Ell ſuppoſe a Veſſel in the form of a Rectangle 
Parallelepipedon , as ABCL, in which there 
is Water to the height AD: We throw into it a Ball 


of Iron, the Specifick Gravity of which is greater 


than of Water; and want to know what height the 
Water will then riſe to. We meaſure the Area of the 


Rectangular Baſe ABC or DEF, in multiply ing the 


length ED by the breadth EE; and the ſolidity of 
the Ball by multiplying the Cube of its Diameter by 
157, and dividing the Product by 300: And if the 
Solidity, is, for example, 96 Cubical Inches, and the 
Area DEF 48 ſquare Inches, in dividing the (olidity 
96 by the Area 48, you have in the Quotient two 
Inches for the height EH or DG, to which the Ball 
makes the Water riſe, as taking up a Place or Room 
equal to that of the Priſm GEI, the ſolidity of which 
5 er 96 Inches, as well as that of the 

Another way is as followeth. Take with an exad 
pair of Scales the weight of the propos'd Body, whict 
we ſhall ſuppoſe ro be 31 Pounds ; and from thence 
find the ſolidity of rhe ſame Body by Problem 28, 
where you will find it ro be 96 Cubical Inches if it 
be Iron. For this reaſon, the ſolidity of the Priſm 
GEI will likewiſe be 96 Cubical Inches, and. conſe. 
quently that Priſm being divided by the Baſe DEF 
which we ſuppoſed to be 48 ſquare Inches, the height 
EH will be found 2 Inches. | 
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PROBLEM XXX. 


A Body being given of leſs Specifick Gravity than Wa- 
ter, to find how far "twill ſink in a Veſſel full f 
Water. ; 


* a piece of Deal, for example, the Specifick 
Gravity of which is leſs than Water, and you'll 
find twill not fink quite in the Water, bur only to 
ſuch a depth, till it rakes up in the Water a certain 
extent of ſpace anlwerable ro a Bulk of Water of 
equal weight with the piece. Now to find exactly 
what part of it will be under Water, you muſt find 
the weight of ir, and the meaſure of a quantity of 
Water of the ſame weight, by the foregoing Pro- 
blems; and then you'll fee the Body fink until it hath 
taken up the ſpace of that quantity of Water. 

Suppoſing the piece of Deal ABCD to weigh 360 Plate 18. 
Pounds, and a Cubical foot of the Water contain'd in Fig- 46 
the Veſſel EFGH to weigh 72 Pounds; divide 360 
by 72, and you have in the Quotient 5 for the Cubi- 
cal foot of Water that weighs likewiſe 360 Pounds; 
ſo that the Priſm ABCD will fink in the Water till 
it fills the ſpace of 5 Cubical feet; and to know how 
far that will be upon the Priſm, take upon it at its 
lower end a Priſm of 5 Cubical feet of the ſame Baſe 
with the Baſe ABCD, which we here ſuppoſe to be 
4 ſquare Foot, and divide the 5 Cubical feet by the 
Baſe 4, for ſo you have 1 Foot 3 Inches for the 
height or depth AI, ro which the Priſm ABCD will 
fink in the Water, 


PROBLEM XXXI. 
To know if a ſuſpicious piece of Money is good or bad. 


IF it be a piece of Silver that's not very thick, as 
a Crown or half a Crown, the goodnels of which 
you want to try: Take another piece of good Silver 
O. e equal ballance with it, and tie both pieces with 
> SG l 4 B b 4 . - k Thread 


Y 
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Thread or Horſe-hair ro the Scales of an exact Bal- 
lance (to avoid the wetting of the Scales themſelves) 
and dip the two pieces thus tied in Water; for then 
if they are of equal goodnels, that is, of equal puri- 
ty, they will hang in Æquilibrio in the Water as well 
as in the Air: bur if the piece in queſtion is lighter in 
the Water than the other, tis certainly falſe, that is, 
there's ſome other Metal mix'd with ir that has leſs 
Specifick Gravity than Silver, ſuch as Copper; If 'tis 
heavier than the other, tis likewiſe bad, as being 
mix'd with a Metal of greater Specifick Gravity than 
Silver, ſuch as Lead. 

If the piece propos'd is very thick, ſuch as that 
Crown of Gold that Hiero King of Syracuſa ſent to 
Archimedes to know if the Goldſmith had pur into it 
all the 18 pounds of Gold that he had _ him for 
that end; take a piece of pure Gold of equal weight 
with the Crown propos'd, viz. 18 pounds ; and with- 
our taking the trouble of weighing them in Watet, 
put them into a Veſſel full of Water, one after ano- 
ther, and that which drives out moſt Water, muf 
neceſſarily be mix d with another Metal of leſs Spe- 
cifick Gravity than Gold, as taking up more ſpace 
tho' of equal weight. 


PROBLEM XXXIL 
To find the Purden of a Ship at Sea, or in a River. 


þ Rom what has been ſaid in Problem 30. one may 

eaſily find the burden of a Ship, i. e. what weight 
*rwill carry without ſinking. For tis a certain truth, 
that a Ship will carry a weight equal to that of a 
Quantity of Water of the ſame Bigneſs with it ſelf ; 
tubſtracting from it the weight of the Iron about 
the Ship, for the Wood is of much the ſame weight 
with Water; and ſo if 'twere not for the Iron a Ship 
might fail full of Water. 

The Conſequence of this is, that, however a Ship 
be loaded, 'twill not fink quite, as long as the weight 
of its Cargo is leſs than that of an equal bulk of 
Water. Now to know this Bulk or Extent, you muſt 
meaſure the Capacity or Solidity of the Ship, which we 
here ſuppoſe to be 1000 Cubical feet, and nappy 

| that 
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that by 73 pounds the weight of a Cubical foot of Sea. 


Water; for then you have in the Product 73000 


ounds for the weight of a bulk of Water equal to 


that of the Ship. 

So that in this example we may call the burden of the 
Ship, 73000 Pounds, or 36 Tun and a half, reckoning 
a Tun 2000 Pounds, that being the weight of a 
Tun of Sea-water. If the Cargo of this Ship ex- 
ceeds 36 Tun and a halfſhe will fink ; and if her Load- 
ing is juſt 73000 15. ſhe'll ſwim very deep in the Wa- 
ter upon the very point of finking ; fo that ſhe can't 
fail ſafe and eaſie, unleſs her Loading be conſiderably 
ſhort of 73000 pounds weight, If the Loading comes 
near to 73000 pounds, as being, for example, juſt 36 
Tun, che will {wim at Sea, but will fink when ſhe 
comes into the Mouth of a freſh Water River; for 
this Water being lighter than Sea-water will be ſur- 
mounted by the weight of the Veſſel, eſpecially if 
that weight is greater than the weight of an equal Bulk 
of the ſame Water. 


P ROB LE M XXXIII. 


To make a pound of Water weigh beavier, or as much 
more as you will. 


WEE know by Experience, that if you hang a great 

Stone by a Cord, the Stone hanging within a 
Veſſel fo as nor to touch ir, leaving room for a pound 
of Water round it; and if you fill that void ſpace 
with VVarter, the Veſſel that with the V Vater alone 
weighs but abour a pound, as containing bur a poand 
of V Vater, will weigh above an hundred pounds if the 
Stone in the Veſſel fills the ſpace of an hundred pounds of 
Water. Thus, you ſee a pound of Water in this Caſe 
weighs above an hundred pounds; and if the Stone 
takes up the ſpace of a thouſand pounds, the one pound 
of Water will weigh above a thouſand ; and fo on. 


For the ſame end you may make ule of a Ballance, pe 18. 
the two Scales of which AB, CD, gtavitate equally Fig. 48. 


round the Center of Motion E, which ſhall be, if you 
will, at the middle of the Beam E, as in the common 
Ballances ; for having fix'd with an Iron Hook HIK, 
at the point H of a Nail or any other firm thing, the 

Body 
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Body LM, equal for example, to 99 pounds of VVa- 
ter, you need only to put the Scale AB round the Body 
LM, ſo as to leave ſpace for a pound of V Vater; for 
then 100 pounds of VVarer pour'd into the Scale CD, 
will be in Aquilibrio with one pound of V Vater in the 


other Scale AB. 


PROBLEM XXXIV. 


To know how the Wind (tands, without ſtirring out of 
one's Chamber, 


FI X to the Cieling of your Room a Circle divided 

into 32 equal parts, with the Names of the 32 
Rumbs or Wind- points, the points of North and 
South being upon the Meridian Line. The Circle or 
Dial thus divided, muſt have a Needle or Hand movea- 
ble . round its Center, like the hand of a VVarch or 
Clock; and that Hand muſt be fix d to an Axletree 
that's perpendicular ro the Horizon, and may move 
eaſily upon the leaſt VVind, by vertue of a Fane on 
its upper end above the roof of the Houſe ; and then the 
VVind turning the Fane, will ar the ſame time turn its 
Axletree, and the Hand that's fix'd to it, which will 
accordingly point to the Rumb from whence the VVind 

Lows. 

Upon the Pont Neuf at Paris, and likewiſe in the 
French King's Library, there's ſuch a Dial, not upon 
a Cieling, bur againſt a VVall; which ſhews the 
VVind-point by the Motion of a Fane, AB, the Axle- 
tree of which CD, which is likewite perpendicular 
to the Horizon, is ſuſtain d above by an Horizontal 
Plain EF, thro' which it runs at Right Angles, and 
below by the Plain GH, upon which it reſts with its 
extremiry D, which ought to be ſharp pointed, for 
the reſting a'moſt upon a Point contributes to facili- 
tate its Motion upon the leaſt air of VVind ; and at 


the ſame time that of the Cop IK, which has eight 


equal V Vings or Gutters that the notches of the VVheel 
LM carch upon; whence it comes, that the Motion 
of the Fane turning the VVheel LM, turns likewiſe 
rhe Axletree PQ, which being parallel to the Hori- 
an, paſſes thro' the VVall at Right Angles, and like- 
| 8 8 W1.6 
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wiſe the Hand NR, fix'd ro its extremity P, which 
paſſes thro the Dial on which the Rumbs are mark'd. 


PROBLEM XXXV. 


To contrive a Fountain, the Water of which flows and 
ſtops alternately. 


PRovide two unequal Veſſels, AB, CD, of white Plate r8, 
Iron or ſome ſuch Matter, the greateſt being the Fs. 47. 
uppermoſt AB, which communicates with the leſſer 

CD by the Orifice E; that ſo the V Vater pour'd into 

the greater AB may run from it into the leſſer CD, 

and from thence out at the Extremity H of the Crane 

GH, the other Extremity of which, E, is open, and 

placed not far from the bottom of the Veſſel. 

VVhen the VVater of the Veſſel CD riſes thro' the 
open end F of the Crane to the upper part G, twill 
deſcend thro' the other Orifice H, if it be lower than 
the aperture F, and if the Crane FGH is ſo large or 
thick that it diſcharges more VVarer ar H than there 
enters into the Veſſel CD at E, the Veſſel CD will ſoon 
be empty, and the Fountain give over running: But 
the VVarer will recommence its flux thro H, when it 
reaſcends thro' the Branch FG to G; and ſo on al- 
ternately. 

You may contrive this Fountain of what figure you 1 
will, as well as the following which runs likewiſe al- [ 
ternatly by Intervals, and is made thus; 1 
Take à Veſſel AB which has two Bottoms, that is, pj,,. * 161 
1s cloſe on all ſides like a. Drum; rthro* the middle of fig. 5'. 1 
t run a long Pipe CD ſoldered to the lower bottom 
at F, with its two ends open, C, D; the firſt of which 

e muſt not quite touch the upper Bottom, bur leave 
paſſage for the VVater, when one has a mind to fill the 
Veſſel AB; which is done by turning up the Veſſel AB 
with its Pipe CD, ſo that the Hole D will then be 
uppermoſt, and pouring in the V Vater ar D. This 
done ſtop up the Pipe CD with another and a very 
litle ſmaller Pipe ED, that ean juſt enter it, and 1s 
fix d in the bottom of a Caſe or Ciſtern that's a little 
longer than one of the two bottoms of the Veſſel 


The 
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The two Pipes CD, DE, ought to have at an equal 
height two Apertures or Holes J. I, and the ſmalleſt 
DE ought to be moveable within the greater CD, 
that ſo you may turn the ſmaller with its Cafe GH 
when you will, till the two Holes J. IT, meet. Far. 
ther, the Veſſel AB ought ro have ſeveral little Holes 
in its lower Bottom, as KL, for giving egreſs to the 
VVarer ; and the Caſe or Receptacle GH oughr like. 
wiſe to have two ſmaller Vents, M, N, for the VVa- 
ter to run out. 

Now, the Veſſel AB being fill'd with VVater, as 
we directed but now; and the Pipe CD being ſtop 
by the Pipe DE, which we ſuppos'd ſo thin that it 
could juſt fill it, without any neceflity of the Extre. 
mity E irs reaching to the end C, provided the two 
other ends, D, D, do bur fit: This done, I ſay, turn 
the Veſlcl again to its firſt Pofition, in which 'rwill 
ſtand as in the Figure, the Caſe GH being its Baſe, 
and being rarn'd together with its Pipe E till rhe two 
Vents I, I, meet and make but one Orifice ; for then 
the V Vater contain'd in the Veſſel AB will run out at 
the Vents KL, as long as the Air can paſs thro” the 
aperture I to ſupply the room of the VVarer that 
runs from AB into the Caſe GH; bur when the VVa- 
ter in the Recepracle GH riſes above the Vent I (which 
will infal ibly happen, fince more V Vater runs at th: 
Vents K. L, than at M, N, the farmer being ſuppos d 
larger than the latter) the Air not finding accels at |, 
the VVarcrin the Veſſel AB, will give over running 
thro' the Venis K, L., but the VVarer in the Recepra- 
cle GH will continue ro run at the Vents M, N, ſo 
that this V Vater will grow lower by degrees, till the 
Vent 1 1s uncover'd again, and then the Air having 
acceis ar I will renew the flux of the VVarer thro 
K, L; which in a ſmall time will raiſe the V Vater in 
the Cate GH, fo as to cover the Ven: TI again, upon 
which the Stream from A, B. will ſtop, and ſo on 
—_— till there's no VVarer left in the Veſſel 
AB. 

This is call'd the Fountain of Command, becauſe it 
runs at a word given, when the VVater is near the 
renewal of ics flux thro' the Vents KL, which is cafily 
known; for when the Vent I begins to get clear of 
VVate inG, H, the Air ſtruggling for acceſs * 

5 ent 
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Vent makes a little noiſe, and ſo gives notice that the 
Fountain is about to run. 5 


PROBLEM XXXVI. 


To make a Fountain by Attraction. 


the other in the form of a Syphon or Crane, and 
ſoldering them rogether ar the Extremities C, which 
ought ro be open as well as the other Extremities, 
D, E; and then ſtopping the remaining part of the 
Mouth B ſo as to keep the Air quite eur. 

Turn this Machine upſide down, and fill it either 
uite, or to a certain part by one of the two Pipes 
D, CE, the firſt of which CD ought to be * 
and ſhorter than the ſecond CE, for a Reaſon to be 
given in the Sequel. 
This done, put the Phiol AB in its firſt Situation, 
as you ſee it in the Figure, placing it perpendi- 
cular upon a Table with a hole in it, thro' which 
the big Pipe CE muſt paſs ; then place under the other 
leſſer Pipe CD a Veffel full of VVarter , as DF, 
ſo that the Pipe CD may touch the bottom of the 
Veſſel ; and you'll ſee the Water of rhe Phiol AB run 
our at the greateſt Pipe CE; bur when it has run out 
to C, the weight of the Water that flows out ar the 
Mouth E of the greater Pipe CE will draw or ſuck 
the Air of the Matras AB, and that fo much the more 
forcibly, as it is bigger and longer than the Pipe CD; 
upon which the Water of the Veſſel DF will mount 
up thro' the Pipe CD, and ſpout out at the Mouth 
C with an impetuous force into the Phiol ; and conti- 
nue the ſpout ſo much the longer, the more Water 
there is in the Veſſel DF, for the Water caſt up into 
the Phiol will continually fall down and find an egreſs 
n the greateſt Pipe CE, 


P R O- 


18 the Mouth B of the Phiol or Glaſs Matraſs AB, Plate 20. 
adjuſt two Pipes, CD, CE, inclining the one to *'#* 5*: 


Plate 18. 
Fig 49. 
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| 2 
PROBLEM XXXVII. - 
To make 4 Fountain by Compreſſion. 5 
TH! S Fountain is compos'd of two equal Veſſh , 
or Baſins, AB, CD, joyn'd together; the botton i 
of the lowermoſt being flat ro ſerve for a baſe to a. 
Machine, and that of the upper being ſomewhat Con 11 
cave to receive the Water that's pour'd into it, wha e. 
we mean to fill the Veſſel CD with Water, and male 
the Fountain run. The Veſſel AB ought to have Ut. 
the middle of its Concavity an Orifice with a ſmal 0. 
Pipe EF, the Extremity of which O muſt be near i 1; 
bottom of the Veſſel, the other end being rais d a lt 
tle above the fide of the Veſſel AB, that ſo the Wai z, 
conrain'd in the Veſſel may run out with facility. 4 
Beſides this, there are in the Machine two hidde v 
Pipes, GH, IK; the firſt of which GH is ſolder d uch 
the bottom of the Veſſel AB about H. where the OH 0 
fice or Hole is, thro' which the Water pour d into th pi 
Concavity of AB paſſes into the lower Veſſel CA 
making its egreſs from rhe Pipe GH at the lower «Wl 
tremity G. which for that reaſon ought not to tou le 
the bottom of the Veſſel. The ſecond hidden Pm 
IK is ſolder'd to the upper part of the Bafin CI) 
where there is likewiſe a Vent or Mouth as well as a 8M ;; 
the other extremity K, which muſt not touch MC 
bottom of the Veſſel AB, to the end that when tee 
Machine is inverred, the Water of the Baſin CD mai in 
enter the Pipe IK, and fill the Baſin AB, the Cap v 
2 of which is ſuppos d equal to that of the Bain 
D. w 
This done, ſer the Machine in its firſt Situation, C 
as you ſee it in the Figure, and pour Water a ſecoui w 
time into the Concavity of AB; upon which the WM th 
ter will enter the Pipe GH ar H, and fo repair to WM fo 
Baſin CD, where twill make a ſtrong preſſure up A 
the Air, as well as upon that in the Pipe IK; and te & 
Air thus compreſs d will preſs the Water in the Baia o 
AB, and fo force it to ſpout out impetuouſly at i 
Mouth F. This agreeable Waterwork will contin By pc 
th 


to play a long time, becauſe the Water ſtill * 
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back into the Baſin AB, 'twill re-enter the Bafin CD 
by the Pipe GH, and ſo continue the preſſure of the 
Air, till all the Water of the Bafin AB is gone, and 
x — have free acceſs at the Mouth F of the ſmall 
ipe EF. 
One may readily apprehend, that the two Veſſels 
ei AB, CD, ought to have no other mutual Communica- 
aug tion, but what they have by the two Pipes GH, IK, 
wei as you ſee in the Figure; and that the two Pipes GH, 
0-8 1K, ought to be ſo ſoldered at H and I, that no Air 
ben can either enter or get out. Y 
ake In Figure 55. you have another Model of a Foun Plate 29. 
i tain, by the Cock L of the Pipe EF, and the Cock M. 55. 
al of the Pipe GH, the Mouth of which H enters the 
de lower bottom of the upper Veſſel AB, giving vent to 
l the Cock L, and turning or ſtopping the Cock M, 
na you fill the Veſſel AB with Water, pouring it in at the 
outh F; and then by opening the Cock M, the 
da Water of AB will paſs thro the Pipe GH and fill 
u the Veſſel CD. Again, ſtopping the Cock M and 
opening L, you fill AB, as before; and then if you 
dire vent to the Cock M, the Water of the Baſin 
-V AB will make a preſſure upon that of CD, and the 
erg Water of CD thus compreſs'd will puſh out with Vio- 
ua lence the Water of AB at the Mouth E, and ſo will 
"7B make a Water ſpour like that laſt deſcrib'd. 
U, To make this Fee or Water ſpour twice as high, _ os 
zu divide the Baſin AB into three Cells, and the Baſin 
ne CD into two, and double the Pipes GH, IK, as you 
de fee in Fig. 57. for then the preſſure of the Air be- 
meg ing double, will have a double effect, that is, the 
ape Water will riſe twice as high as before. 
ah Another Fountain by Compreſſion may be made plate 13. 
| with only one Veſſel AB, and one Pipe in the middle fig. 5a. 
100.98 CD, open at its two ends C, D; the lowermoſt of 
which D ought not to come cloſe to the bottom of 
the Veſſel. At the Mouth A the Pipe ought to be fo 
lolder'd that no Air can paſs ; and above the Mouth 
A the Pipe CD ought ro have a Spigor or Cock, E, 
tor ſtopping or giving vent to the Pipe CD as there is 
occaſion; and that after this manner, 
Put into the Veſſel AB as much Air and Water as is 
poſſible, with a Syringe, at the Mouth C, ſtopping 
the Cock E as you Syringe to prevent the exit © _ 
Air 
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Air that's extreamly compreſs'd in the Veſſel AB; 
in this caſe, the Water being heavier than the Air will 
remain at the bottom of the Veſſel, and bear a ſtrong 
prefſure from the Air, which is likewiſe mightily com- 
reſs'd it felt ; and for that reaſon, if you open the 
Pipe CD by opening the Cock E, the Air will make 
the Water ſpout out with Violence at the Mouth C. 
and that pretty high. This agreeable Warer-Spour 
will continue ſo much the longer, that the Mouth C 
is (mall, and the Air in the Veſſel AB much compreſgd ; 
and that Compreſſion of the Air will be confiderably 
greater if you heat the Veſſel bur a little. 
We ſhall mention yer another Method of contriving 
a Fountain by Compreſſion, with only one Veſſel or 
Bafin ; viz. Take the Veſſel ABCD cloſe ſtop'd on all 
ſides, with rwo Pipes EF, GH, communicating mu- 
tually at H where they are ſoldered, and open at the 
ends, E. F. G. The end F muſt nor touch the bottom 
of the Veſſel ABCD; and each of the two Pipes muſt 
have a Cock out of the Veſſel, as L, M, and withal 
mutt be ſo ſoldered at I, K, as to deny all paſſage to 
the Air, | 
Now, to ſet this Fountain in going, turn or ſtop 

the Cock L, and open the Cock M, in order to force 
with a Syringe as much Water as you can into the Vel- 
ſel ABCD; then ſtop the Cock M ro prevent ths 
egreſs of rhe Air that's extremely compreſs'd in the 
Veſſel ABCD: Bur open the Cock L, and the Watet 
will ſpout imperuouſly out at E, which ought to be 
Bt a {mall vent that the Water-Spout may continue the 

onger. 


PROBLEM XXXVII. 
To contrive a Fountain by RarefaRion. 


ing joyn'd two unequal Veſſels AB, CD, cloſe 
on all fides, by two equal Pipes, EF, GH, fol- 
der'd to the lower bottom of the upper Veſſel AB, at 
F and H. and to the upper bottom of the lower 
Veſſel CD at E and G; lo that the Air can have no 
paſſage but by the Mouth of theſe two Pipes, which 
are ſuppos d to be open at the ends E, F, G, H; pi 
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in the middle of the upper Veſſel AB a third ſmaller 
Pipe IK, the lower end of which I, muſt not come 
cloſe to the bottom of the Veſſel AB, and the upper 
end K muſt be ſome what higher than the upper End 
of the Veſſel AB. This aperture at K ought to be 
ſmall, and each of the three Pipes, EE, GH, IK, ought 
to have a Cock, as L, M, N. 

Having ſhut the two Cocks L. M, open the Cock N, 
and at the Mouth K fill the Veſſel AB with Water. 
Then open the rwo Cocks L, M. that the Water of the 
Veſſel AB may deſcend thro' F and H into the Veſſel 
CD, and fill it but part full, the capacity of CD being 
ſuppos d greater than that of AB. Then ſtop the two 
Cocks L and M, and fill the Veſſel AB with freſh Wa- 
ter. This done, ſtop the Cock N, and put hot burn- 
ing Coals under the Veſſel CD, which will rarifie the 
Air and the Water in the Veſſel CD; and ſo if you 
open the Cock N, the Water in the Veſſel AB will fly 
oat at K, and make a pleaſant Water-Spour. 3 

Another way is as followeth. Get a Veſſel of Cop- 3 
per or any other Metal, as AB divided into two Fis- 
parts, the uppermoſt of which CDE is open, and the 
other GH ſhut cloſe on all ſides, but at I, where it 
bas a little Pipe in the form of a Funnel IL with a 
Cock M, in order to pour in at that Funnel, the 
— 20g open, as much Water as will fill part of the 
part GH. 

In the middle of the Veſſel AB place a Pipe HO, 
with its lowermoſt end H nor quite touching the 
bottom of the Veſſel, and the upper end O a little 
ſmaller, and rais d above the Veſſel to receive a Sphere 
of Glaſs KN, thro' which and thro' the upper fide 
of the Veſſel AB you're to run another Pipe PQ, 
open at its two ends, that the Warer that riſes from 
AB into the Sphere KN thro' the Pipe HO, may re- 
turn by the Pipe PQ into the Veſſel AB, and ſo make a 
continual Warer-Spour. | 
gut to make the Water in the Veſſel AB riſe of it ſelf 
imo the Sphere KN, by the Pipe HO, you muſt ſtop 
the Cock M, and heat the Air and Water in the Vel- 
ſel AB, by putting under the Plain RS a Grate co- 
ver d with red hot Coals, the heat of which will ra- 
tie the Air and make the Water aſcend, &c. 
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Plate 21. 
Fig. 60. 


Plate 20. 
Fig. 56. 
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There's no queſtion, bur theſe two ſorts of Foy. 
rains will ſucceed, when the Machine is duly made, 
bur I can't promiſe ſo much of a third ſort of Fous. 
rains, 4. you ſee repreſented in Fig. 60, and which 
is preſently apprehended by only looking upon the R 
gure; for perhaps the Candle O may go out, whe 
"cis put into the Concave Sphere AB, at the apertur 
C, which is deſign'd for rarifying by its heat the Aj 
in the Sphere, that the Air thus rarified paſſing fron 
the Sphere thro the Pipe DE, may preſs the Watte 
contain'd in the Veſſel DF, and ſo force it to ſpout oy 
at the upper end of the Pipe GH. 


PROBLEM XXXIX. 
To make a Clock with Mater. 


AS heavy Bodies in deſcending freely thro the Ay 

continually increaſe their Celerities, and in equl 
times paſs thro' unequal Spaces, which riſe or increa 
in the proportion of the es, 1, 4, 9, 16, Ge. d 
the natural Numbers, 1, 2, 3, 4, Ge. beginning fron 
t he point of Reſt : So, on the Contrary, liquid Bodies 
running into any Veſſel thro' the ſame Orifice, conti 
nually leſſen their Celeriries, and the upper ſurface i 
the Liquor, as Water contain'd in the Glaſs (y- 
linder AB, falls lower, in running continually ar the 
Orifice B, in the proportion of the ſame ſquare Num- 
bers, 1, 4, 9, 16, Sc. in equal times. 

For this Reaſon ; if the Tube of Glaſs AB full d 
Water empties it ſelf in 12 Hours, the way to know 
how much the Water finks every Hour, and tc matt 
the Hours upon the Tube AB, is this. The Square o 
12 being 144, we divide the length AB into 144 equi 
Parts, and then take 121 the Square of 11 for the firl 
Hour from B to C; 100 the Square of 10 from B 1 
D for the Point of 2 a Clock, ſuppoſing A to be tit 
Noon-Point; 81 the Square of 9 from B to E for the 
Point of 3; 64 the Square of 8 from B to F for the 
Point of 4. and ſo on. 

If the Tube AB do's not empty it ſelf exactly in 1 
Hours thro the Orifice B, you muſt make it ſo '0 
do by leſſening or increaſing the Orifice B, as you ſee 
occaſion, | ET Nov 
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Now, to find this Diminution or Augmentation, 
that is, to find the meaſure of B or the Diameter of a 
Hole thro*' which all the Water in the Cylinder AB 
will paſs in juſt 12 Hours: We'll ſuppoſe the Diame- 
ter of the Orifice B ro be two Lines, and all the Wa- 
ter of the Cylinder AB to run out thereby in 9 Hours; 
in this caſe we multiply 9 by 2 the number of the Dia- 


meter, and divide the Product 18 by 12, the time 


allorred for the due flux of the Water; and thus you'll 
find that the Diameter of the Hole B ought to be a 
Line and a half, to give paſſage to all the Water in the 
Priſm AB juſt in 12 Hours. 


387 


If you would know the quantity of Water that runs Plate 26) 
each Hour thro' the vent B, meaſure the height AB, Fia. 36. 


ſuppos d to be 6 Foot, and the Area of the Baſe of 
the Cylinder by multiplying 144 the Square of 12 its 
Diameter (ſuppos d to be an Inch or 12 Lines) by 785, 
and dividing the Product 113040 by 1000; the Quo- 
tient will give about 113 ſquare Inches for the Area of 
the Baſe of the Cylinder AB. 

This Area being common to all the Cylinders of 
Water, the heights ot which are AC, CD, DE, Ge. 
will lead us to the knowledge of their Solidities, vix. 
by multiply ing the Area's by the beights when known; 
and cheſs Solidiries are the quantity of Water that 
iſſues each Hour thro' the Orifice B. Now, the Me- 
=—_ of finding the heights, AC, CD, DE, Se. is 

8: | 

The height AB being ſuppos d 6 Foot which is equi- 
valent to 864 Lines, and which we have divided into 
144 equal Parts, each of theſe Parts will be 6 Lines, 
as appears by dividing 864 by 144 ; and the heighr 
BC which is 121 of theſe Parts will by conſequence be 
726 Lines, as appears by multiplying 121 by 6; fo 


| that the part AC will be 138 Lines, as appears by 


Subtracting 726 from 864. Therefore, if you mul- 
tiply 113 the Baſe of the Cylinder by 138 or the height 
AC, you have 15594 Lines for the Solidity of the Cy- 
linder AC, or the quantity of Water that will run 
thro' the Orifice B in the firſt Hour, that is, from Noon 

to one a Clock, | 
In like manner, the height BD being 100 Parts, Sub- 
tract it from the height BC, which was 121, and the 
Remainder is 21 for the Height CD of the ſecond (y- 
| 8 Ce 43 linder; 
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linder; and each part being 6 Lines, the part CD will | 


be 126 Lines, as appears by multiplying 121 by 6; 
So if you multiply 126 by the common Bale 113, you 
have in the Product 14238 Cubical Lines for the ſo- 
lidity of the ſecond Cylinder CD, or the quantity of 
Water that will iſſue thro the Aperture B from 1 to 


22 Clock. And ſo of the reſt. 


COROLLARY. 


This directs us to the way of adding to this Wa- 
ter-Clock another that ſhews the Hours by its aſcent 
in the Priſm GHI, the Baſe of which is known, for 
example 226 Square Lines; in making the Water of 
the Cylinder AB fall into this Priſm, which for that 
end ſhould be placed lower than the Orifice B, and 
be at leaſt as wide or large as the Cylinder AB; and in 
marking the Hours upon the Priſm, thus. 

The quantity of Water that anſwers to the firſt Hour, 
being 15594 Cubical Lines, we divide that Solidity 
15594 by 226 the Area of the Baſe of the Priſm GHI, 
and find in the Quotient 69 Lines for the Height GK of 
the firſt Hour in the Priſm GHI. 

In like manner, the quantity of Water correſpond- 
ing tothe ſecond Hour, or to the Cylinder CD, being 
14238 Cubical Lines, we divide that Solidity 14238 
by the ſame Baſe 226, and find in the Quotient 63 
Lines for the height KL of the ſecond Hour in the 


- Priſm GHI. And fſoof the reſt. 


"Tis evident, that, if the Baſe of the Priſm GHI 
were equal to that of the Cylinder AB, the divifions of 
the Hours in the Priſm GHI, would be equal te thoſe 
of the Cylinder AB; only the Order would be inver- 
red, the height GK being equal to the height AC, the 
height KL to the height CD, and ſo on. 


PROBLEM XI. 
To nde a Water Pendulum. 


PYa Water Pendulum, we mean a Water-watch cr 

Clock in the figure of a Drum or round Box o 
Metal well ſolder'd, as ABCD, in which theres g 
. certal 
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certain quantity of prepar'd Water, and ſeveral little 
Cells communicating one with another near the Cen- 
ter, which gives paſſage to no more Water than juſt 
what is neceſſary for cauſing the gradual and gentle 
deſcent of the Watch by its own weight, which is 
ſuppos'd ro hang by two ſine and equal Threads or 
Cords, EF, GH, winded round * Axletree IK 
that is equally thick, which paſſes thro' the middle of 
the Box at Right Angles, and deſcending along with 
it ſhews without any noiſe, by one or both its Extre- 
mities, I, K, the Hours mark d upon an adjacent Ver- 
rical Plain, with the Diviſions taken from a good 
Wheel-Clock. '/ 11 

Who was the firſt Inventer of theſe, I do not know, 
but I have ſeen one of em, made of Pewter, the 
Meaſures and Proportions of which I ſhall here lay 
down as a Rule for making of others, whether larger 
or ſmaller. | 

The Diameter AB or CD of the two Heads of the plate 22 
Drum or Barrel ABCD was about five Inches; and big 62. 
the breadth AD or BC, or the diſta::ce between the 
two Heads, which were equal and mutually parallel, 
was two Inches. The infide of the Barrel was divided 
into ſeven Caſes or Cells by as many ſmall plains in- 
clin'd, or Tongues of Pewter ſolder'd to each Head, 
and to the Circumference or Concave Surface, Theſe 
Tongues were each of 'em rwo Inches long, as A, B, 
C, D, E, F, G, and, as you ſee in Figure 63. did Plate 22. 
ſo ſlope that they graz'd upon and touch'd the Cir- 8 63. 
cumference of a Circle deſcrib'd round the Center H 
at an Inch and a half Interval. Theſe ſhelving Tongues 
ſerve to make the Water paſs from one Cell to ano- 
ther as the Machine turns and deſcends, and points ro 
the Hours with the extremity of the Axletree, which 
was run at Righr Angles thro' the middle of the Drum, 
or the Hole H, that Hole being ſquare that the Clock 
might reſt the firmer upon the Axletree. 

In fine, there were in this little Machine ſeven Oun- 
ces of purified, that is, diftill'd and prepar'd Water, 
put in thro' rwo Holes in the ſame Head at an equal 
diſtance from the Center H, which were afterwards 
[{top'd up to hinder the egreſs of the Water, when the 
Clock turns with irs Axletree, continually changing 
ts ſituation, in delcending inſenfibly by the unwind- 
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ing of the two Cords that hold it always perpendicu- 
lar and are winded round the Axletree, which by 
that means is always parallel to the Horizon. 

Tis evident that if this Clock had been ſuſpended 
by its Center of Gravity, as 'twould be if the lower 
ſurface of the Axletree paſs d exactly thro' the middle 
of each Head, it would not move at all; and the 
cauſe of its Motion is its being hung off of the Center 
of Gravity by the two Cords winded round its Axle- 
tree; the thickneſs of which ought not to be very 
conſiderable with reſpe& to the bulk of the Clock 
and the quantity of Water therein contain d, that ſo 
the Clock may roll moderately by vertue of the pa. 
ſage of the Water from one Cell to another. Ii. 
equally evident that the Machine muſt not deſcend all 
on a ſudden, becauſe the force of its Motion is coun» 
terballanced and leſſen d by the weight of the Water 
it contains. 

To wind up this Clock, when it has run down to 
the end of the two Cords, you need only to raiſe it with 
your Hand, and make it turn the contrary way, © 
the ſame two Cords, which may be as long as you 
will, provided they are equal, and fix'd at equal 
heights above the Horizon, that ſo the Axletree maj 
be always Horizontal. | 

The Pendulum's of this kind, that are now made 4 
Paris, are of Copper, and commonly go 24 Houn 
from the top to about two Foot below. The Divi- 
on of the Hours is regulated, as we ſaid before, by 
aClock that goes true. SI 

This Clock is liable ro the change of Air, 5. e. it 
Drineſs or Humidity, as well as other Clocks; but it 
has this conveniency that it makes no noiſe, and (6 
do's not diſturb one in the Night, and when one waks 
the Hours may be diſtinguiſh'd by little Buttons t 
Pegs fix d upon em. 

Belides, this fort of Clocks do's not often wan 
mending ; you need only to change the Water once !! 
two or three Years; becaule it ſoils and grows thick 
in time, and ſo for want of due Fluidity makes tit 
Clock go flower. This freſh Water, which ought i 
be diftill'd Spring Water, is put in at a Hole made 
one of the two Heads, and afterwards ſtop'd up will 


Wax, the Barrel being firſt clear'd of its foul W. 
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ter, and waſh'd five or fix times with warm fair 


Water. | 
Father Timothy the Barnabite has made one of theſe 


Clocks 5 Foot high, that wants winding but once a 


Month; and ſhews not only the hours of the Day up- 
on a Dial- Plate, but the day of the Month, the Feafts 


of the Year, the Sun's place in the Zodiack, its time 


of Riſing and Setting, the length of Day and Nighr, 
by means of a ſmall Sun that moves and deſcends im- 
perceptibly, and at the end of every Month is rais'd 
up to the Head of the Barrel, after finiſhing irs Month- 
ly Courſe. 


PROBLEM XII. 


To was. Liquor aſcend by vertue of another Liquor 
that s heavier. | | 


391 


WE ſuppoſe there's Wine in the Veſſel AB, Plate 23: 


which we want to raiſe to the part DG of the Fis- 64. 


Concave Sphere CD, ſuppos d to be ſeparated into two 
C, D, which have no other Communication one 


with another, but what they have by the Orifice O. 
At this Oriſice O we ſuppoſe a Funnel fo conttiv d 


that the Water pour d into it may enter (when we 


will) the part CE, and fill it quite full. This Funnel 


2 have a Cock for opening and ſtopping upon oc- 
DST > 0 a 
The Concave Sphere CD is ſupported by two Pipes 
EE, GH, open at both ends, the greateſt of which 
EF is ſoldered at E and I, and has its lower end F, 
near the bottom of the Veſſel AB, which is ſhut cloſe 
on all ſides, and the other Mouth E near the lower 
bottom of the Sphere CD. The ſmalleſt Pipe GH, is 
ſoldered at & and K, and its lower Mouth H termi- 
nates near the upper ſide or Head of the Veſſel AB, 
and its upper end G at the inferior fide of the Sphere 
CD. ach of theſe two Pipes, EF, GH, has a 
—_ as L, M; and the part DG, has a Cock below 
at N. 
Open the Cock O, and ſtay the other three, L, 
M. N; and pour Water in at O till the part CE is 
full; then open the two Cocks, L, M, and the Wa- 
4 ter 
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ter contain d in the part CE, will deſcend thro' the 
Pipe EF, and preſs the Wine contain'd in AB, ſo as to 
make it riſe thro the Pipe GH into the part DG, by 
reaſon that the Pipe CF being larger than the GH, 
has inore weight. So if you ſtop the Cock M and 
open N, you may draw the Wine at N and drink 
it. 


PROBLEM XIII. 


Huben two Veſſels or Cheſts are like one another, and of 
equal weight, being fil'd with different Metals, t 
dinguiſh the one from the ot her. 


HIS Problem is eaſily reſolvd, if we conſider 
that two pieces of different Metals of equal weight 

in Air, do not weigh equally in Water; becauſe that 
of the greateſt Specifick Gravity takes up a leſſer 
ſpace in Water, it being a certain Truth, that, any 
Metal weighs leſs in Water than in Air, by reaſon of 
the Water the room of which it fills.” For example, 
if the Water weighs a Pound, the Metal will weigh 
in that Water a pound leſs than in the Air, This Gra- 
vitation diminiſtes more or leſs according as the Spe- 
cifick Gravity of the Meral is greater than that of 
the Water, M9? 91 bes AD 13 (158 
Well ſuppoſe. then two Cheſts perfectly like one 
another, of equal weight in the Air, one of which is full 
of Gold, and the other of Silver; we weigh' 'em in 
Water, and that which then weighs down the other 
muſt needs be the Gold Cheſt, rhe Specifick Gravity 
of Gold being greater than that of Silver, which 


makes the Gold lofe leſs of its Gravitation in Water 


than the Silver. We know by experience, that Gold 
loſes in Water about an eighteenth parth only, whereas 
Silver loſes near a tenth part: So that if each of the 
two Cheſts , weighs in the Air, for Example 180 


Pounds, the Cheſt that's full of Gold will loſe in the - 


Water ten pounds of its weight; and the Cheſt rhat's 
full of Silver will loſe eighteen; that is, the Cheſt 
fall of Gold will weigh 170 Pounds, and that of Sil 
vet only 162. . 


Or, 
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Or, if you will, conſidering that Gold is of a grea- 
ter Specifick Gravity than Silver, the Cheſt full of 
Gold tho fimilar and of equal weight with the other, 
muſt needs have a. leſſer bulk than the other. And 
therefore, if you dip ſeparately each of 'em into a 
Veſſel full of Water, you may conclude that the Cheſt 
which expells leſs Water, has the leſſer Bulk, and con- 
ſequently contains the Gold. 


PROBLEM XIIII 
To meaſure the depth of the Sea. 


T! E a great Weight to a very long Cord, or Rope; 
and let it fall into the Sea till you find it can de- 
ſcend no farther, which will happen when the Weight 
touches the bottom of the Sea, if the Quantity or 
Bulk of Water the room of which is taken up by the 
Weight and the Rope weighs leſs than the Weight 
and Rope themſelves ; for if they weigh'd more, rhe 
weight would ceaſe to deſcend, tho? it did not touch 
the bottom of the Sea. 

Thus one may be deceiv'd in meaſuring the length 
of a Rope ler down into the Water, in order to de- 
termine the depth of the Sea; and therefore to pre- 
vent miſtakes, you had beſt tie to the end of the ſame 
Rope another Weight heavier than the former, and 
if this Weight do's not fink the Rope deeper than 
the other did, you may reſt aſſured that the length of 
the Rope is the true depth of the Sea: If ir do's fink 
the Rope deeper, you muſt tie a third Weight yet hea- 
vier, and ſo on, till you find rwo Weights of une- 
qual Gravitation that run juſt the ſame length of 
the Rope, upon which you may conclude that the 
length of the wet Rope is certainly the ſame with the 
depth of the Sea, 
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PROBLEM XIV. 


Two Bodies being given of 4 greater Specifick Gravy 
than that of Water, to diſtinguiſh which has the greg 
teſt Solidity. 


FF the two Bodies propos'd were of the ſame Homo- 
geneal Matter, 'twere eaſie to diſtinguiſh that 0 
the greateſt Solidity, by weighing'them in a pair of 
Scales, and adjudging the greater Bulk, i. e. in thi 
caſe Solidiry, to the heavier, 

Bur if they conſiſt of different Homogeneal Ma: 
ters, of different Specifick Gravity, but greater tha 
that of Water; put them ſeparately into a Veſſ 


full of Water, and reft aſſured, that that which ex 


Ils moſt Water, is moſt bulky, as taking up mol 
oom. | 
Or elſe weigh them both in Air and Water, and 


| obſerve how much the weight found in the Air de. 


creaſes, in the Water; for queſtionleſs that of the 
greateſt Bulk or Extent, will loſe moſt of its Weigh, 
as ing rhe room of a greater Bulk of Water. 

"Tis by this Problem that we know whether a (ul 
picious piece of Gold or Silver is good or bad, by 
comparing it with a piece of pure Gold or Silver, 2 
we ſhew'd Prob, 31. a "it 


PROBLEM XIV. 


To find the Center of Gravity common to feveral Wrights 


ſuſpended from different points of a Ballance. 


10 find the Center of Gravity, of three Weights, 

for example, A, B, C, ſuſpended from three 
Points, D, E, F, of the Ballance DF, to which we ſhall 
attribure no Weight, nor to the Strings, DA, EB, 
FC, which hold up the Weights : We'll ſuppoſe the 
Weight A ro be 108 Pounds, the Weight B 144 
Pounds, and the Weight C 180 Pounds; the diſtance 
DE 11 Inches, and the diſtance EF 9 Inches, ſo that 


the whole length of the Beam DF is 20 Inches. 


Upon 
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Upon this Suppoſition, we find firſt of all the Cen- 

ter of Gravity G common to the two Weights, 

B, C, by finding a fourth zonal to their Sum, 

vi» {to the Weight C, and to the Diſtance EF, that is, to the 

4 three Numbers 324, 180, and 9; for in this fourth 

Proportional we have 5 Inches for the Diſtance EG, 

and conſequently 16 for the Diſtance DG, and ſo find 

the Point G about which the two Weights, B, C, con- 
tinue in Ægquilibrio. 

In the next place we look ſor a fourth Proportional, 
to the Sum of the three Weights, A, B, C, to the 
Sum of the two former Weights, B, C, and to the 
Diſtance DG, 5. e. to the three Numbers 432, 324, 
16; for this fourth Proportional gives 12 Inches for 
the Diſtance DH, and 9 one Inch fer the 
Diſtance EH ; and ſo the Point H is the Center of 
Gravity ſought for, about which the three weights 
given 4's C, will remain equally poiſed. | 
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PROBLEM I. 
To repreſent Lightning in a Room. 


TH E Room in which you're to repreſent Lightning 
muſt not be large, but quite dark, and ſo very 
cloſe, that the Air can't readily enter it. The Room 
being thus in order, take a Baſin into ir with Spirit of 
Wine and Camphyr, whick muſt boil there ll tis all 
conſum'd and nothing left in the Baſin. This will ra- 
rifie the Camphyr, and turn it into a very ſubtile Va- 
pour, which will diſperſe it ſelf all over the Room; 
inſomuch that if any one enters the Room with a 
lighted Flambeau, all the impriſon'd Vapour will in a 
Moment take fire, and appear as Lightning, but with- 
out hurcing either the Room or the Spectators. 
Camphyr is of a nature ſo proper to retain and keep 
an unextinguiſhable Fire, that twill burn entirely, and 
that very eaſily upon Ice or among Snow, which it 
melts notwithſtanding their coldneſs ; and if it be re- 
duced to Powder and thrown upon the Surface of 
any ſtill Water, and then lighted, twill produce a 
very pleaſant ſort of Fire, for the Water will appear 
all Fire and Flame ; the Reaſon of which I rake to 
be, becauſe the Camphyr is of a far Nature which reſiſts 
Water, and of a light and fiery Subſtance, which the 
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fre graſps ſo keenly, that tis impoſſible for this Sub- 
tance to diſengage it ſelf when once tis intangled. 


PROBLEM IL. 


To melt at the flame of a Lamp a ball of Lead in Paper, 
without burning the Paper. 


1* K E a very round and ſmooth leaden Ball, wrap 
it up in white Paper, that is not rumpled, but 
clings equally about the Ball without Wrinkles, at 
leaſt as far as is poſſible; hold the Ball thus wrapt up 
over the flame of a Lamp or a Flambeau, and twill 
grow hot by Degrees, and in a little time melt, and 


fall down in drops through a hole in the Paper, with- 


out burning it. 


PROBLEM III. 


To repreſent an Iris or Rainbow in a Room. 


þ Very one knows that the Rainbow is a great Arch 
of a Circle, that appears all on a ſudden in the 
Clouds before or after the Rain, towards that part of 
the Air that's oppoſite to the Sun, by verrue of the 
reſolution of the Cloud into Rain; This Arch is 
adorn'd with ſeveral different Colours, of which the 
Principal are five in Number, namely, Red which is 
outtermoſt, Yellow, Green, Blue, and Violet and Pur- 
ple which is interiour. 49 

This Irs ſeldom appears alone, and is call'd the 
Firſt and the Principal Rainbow, to diſtinguiſh ir from 
another that commonly appears along with it, and for 
that Reaſon is call'd the Second Rainbow, the Colours 
of which are not ſo lively as thoſe of the Firſt, tho 
they're diſpoſed after the ſame manner, but in a con- 
trary order, upon which account a great many take it 

for a Reflection of the Firſt, ; 
If you want to repreſent at one time, two ſuch Iris 
in your Room, put Water into your Mouth and ſtep 
to the Window (upon which the Sun is fuppos'd ro 
lane) then turn your Back to the Sun, and your Face 
to 
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to the dark part of the Room; and blow the Water, 

which is in your Mouth, making it ſpurt out with Vio. © 
lence, into little Drops or Atoms; and among theſe lit]. y 
Atoms or Vapours, you'll ſee by the Rays of the Sun, 
two Rainbows reſembling the two that appear in the 1 
Heavens in Rainy Weather. 

Oftentimes we ſee Rainbows in Water- works ot 
Spouts, when we ſtand between the Sun and the Four. 
tain, eſpecially when the Wind blows hard, for ther 
ir diſperſes and divides the Water into little drops, 
Which is full evidence, that the Rainbow, which the 
Philoſophers admire as much as the ignorant People do 
Thunder, is form'd by the Reflexion and Refraction 
of the Rays of the Sun, darted againſt ſeyeral lin: 
— of Water, that fall from the Clouds in time 
of Rain. 

A Rainbow may likewiſe be very eaſily Repreſent- 
ed, in a * = * _ — Sun ſhines 
upon, by a Triangular Priſm expos d to the Rays of 
= — which in paſſing thro' the Glaſs, will by 
their different Reflexions and Refractions produce up 
on the Wall or Cieling of the Room, a very agrees- 
ble Iris, or at leaſt a texture of ſeveral different Co- 
lours relembling thoſe of the Rainbow; and the fur- 
ther the Cieling or Wall is diſtant, and the more tis 
dark, the Colours will appear the more Charming and 
Lively. Yon may likewiſe imitate the Colours of the 
Rainbow by expoſing to the Sun a Sphere of Cryſtal or 
Glaſs, or a Glaſs full of clean Water. 


PROBLEM IV. 


Of ProſpeRive Glaſſes or Teleſcopes, 


TJ E/copes are long and light Pipes or Tubes, which 

contain in their Concavities two or more Sphe- Wl th 
rical pieces of poliſh'd Glaſs Perpendicular to the Ax WW il 
of the Pipe, and placed ar ſuch a diſtance one from IM ye 
another, that when one or two Eyes look thro' thele ¶ cn 
Glaſſes they ſee remote Objects, as if they were neat WW th, 
at hand. They are like wiſe call'd Proſpe#ive Glaſſe', WM thi 


and Dioptrical Ocular Glaſſes, When they are made I w 


only 
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only for one Eye, as they are moſt commonly, they afe 
call'd Single Ocular Glaſſes; and on the other hand they 
are call'd Double Ocular Glaſſes, or Binocles, when 
they're compos'd of two fingle Ocular Glaffes, fo ad- 
juſted in one Pipe, that both Eyes may ſee through 
em at once. Father Cherubin the Capuchine, has writ 
a particular Treatiſe of them, and pretends that re- 
mote Objects are better diſcern'd by them, than by 
the fingle Proſpective Glaſſes. 

The (mall our jo Glaſſes that People carry itt 
their Pockets, and thoſe which are larger and are made 
uſe of for diſcovering remote Terreſtrial Objects, and 
even the greateſt of all which are uſed for Celeſtial 
Obſervation, have commonly only two Glaſſes at the 
extremities of the Proſpective which are call'd Lens s, 
and of which that neareſt the Eye, call'd the Ocular 
Glaſs, is Concave, and that at the other end neareſt the 
Object, call'd the Objective Glaſs, is Convex. 

In a Proſpective that's a Foot long, the Diameter 
of the Lens, that's Convex on both ſides, may be four 
Inches, and that of the Concave as much; and in a 
Proſpetive that's five Foot long thefe Diameters may, 
each of em, be twelve Inches. The Teleſcopes for - 
the Stars, which are Aftrocopes, are made with two 
Convex Glaſſes, and the larger they are they are the 
better; thoſe made for obſerving the ſpots of rhe = 
call d Heliaſcopes, are made like the ordinary Teleſ- 
copes, only the Glaſſes are colour d to prevent the Rays 
of the Sun from annoying the Eyes. | 

Theſe Proſpective Glaſſes, are ſaid ro have been The uſe of 
firſt invented in Holland, and firſt made uſe of for Ce- Teleſcoper. 
leſtial Obſervations by Galileus. They are of great uſe, 
for reading a piece of Writing at a Diftatice, for de- 
(crying at Sea, Ships, Capes, and Coaſts, and in an At- 
my by Land- for taking a view of the Officers, Can- 
non, March, Sc. of the Enemy. 

By the uſe of them ſeveral retnarkable things in 
the Heavens, unknown to the Ancients, have been 
diſcover d. In ancient times they recxon'd only ſe- 
ven Planers in the Heavens, namely, the Moon, Mer- 
cury, Venus, the Sun, Mars, Jupiter and Saturn; but 
the Moderns have found many more. By Teleſcopes 
they've diſcover'd four round Jupiter, which Galileus 
who firſt dgſcry'd em call'd Stele de Medici, = 
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which turn regularly round Jupiter at unequal Di- 
ſtances, withour ever quitting ir, and for that Reaſon 
they're call'd the Satellites of Jupiter, The firſt of 
theſe Satellites or that next to Jupiter, compleats its 
Period in 1 Day, 18 Hours, and 29 Minutes, and the 
laſt or that which is remoteſt from Jupiter, finiſhes is 
Circumvolution in 16 Days, 18 Hours, and 5 Mi 
nutes. 

By the ſame means they've diſcovered five Planet 
round Saturn, which are likewiſe call'd the Satellite; 
of Saturn; and of which the firſt or that neareſt to 
Saturn finiſhes irs courſe in 1 Day, 21 Hours, and 19 
Minutes; and the laſt or that remoteſt from Saturn ir 
79 Days, and 21 Hours. 

They've likewiſe obſerved round the ſame Saturn a 
Ring of Light, that's flat and thin, which declines 
from the Ecliptick about 31 Degrees, and turns con- 
tinually round Saturn, as is gather'd from its appear- 
ing ſometimes in a ſtraight Line, viz. when tis ſeen 
Profil- ways which happens every fifteenth Year, and at 
other times in an Oval form when tis turn'd Ob- 
liquely, and again quite round when tis ſeen in the 
Front. 

Ariſtotle took the Galaxie or Milky way for a Me- 
reor, but our Teleſcopes give us ro know that tis 
a Collection of ſeveral little Stars which form a 
Broad Circle like the Zodiack, that paſſing from North 
to South thro' the Conſtellation of Orion towards the 
Æquator, cuts the Zodiack ar almoſt Right Angles. 
"Tis true indeed that according to the teſtimony of 
Plutarch, Democritus did utter . Lax ſuch rking, but 
then 'rwas only by Conjecture. 

Several Dif. Beſides theſe, there's an infinite number of other 

coveries Stars hid to the natural infirmity of the Eyes, which 

— hb are eaſily brought to light by Teleſcopes. Monſieur 

Caſſini informs us, that ſome Stars appear to the naked 

fight like the reſt, but when view'd by a Teleſcope 

appear double, triple and r N The firſt ol 

Aries appears to be compos'd of two equal Stars, di- 

ſtant from one another the length of one of tbeit 

Diameters. The ſame, thing is obſerv'd of that ar the 

head of Gemini; and in the Pleiades there are ſome 

begs appear to a Teleſcops Triple and Quadru- 
ple. | 

In 
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fn fine, by the means of Teleſcopes, we have ob- 
ſery'd conſiderable inequalities in the Moon, parti- 
cularly, Mountains caſting their Shadow to the ſide 
oppoſite to the Sun, Concavities, Plains and Valleys. 
Likewiſe Maculæ or Spots, i. e. dark Bodies turning 
round the Sun, which in appearance blacken and dark- 
en it. Monſieur Tarde took theſe for Stats, and call'd 
them the Stars of Bourbon, which have regulated Pe- 
riods round the diſcus of the Sun, from Eaft ro Weſt, 
with reſpect to the Inferior Hemiſphere of the Sun, 
and finiſh theſe their Periods in 26 or 27 Days. 

We have likewiſe remark'd - > the ſurface of Ju- 
piter, not only ſeveral dark Girdles, like unto the 
ſpots obſerv'd in the Moon, which move in Parallel 
Lines round that Planet from Eaſt ro Weſt, almoſt ac- 
cording to the Ecliprick ; bur likewiſe Spots of dif. 
ferent ſizes among theſe Girdles, which have their Re- 
gulated Periods. The ſame hy is obſery'd in Ve- 
nu, which gives us reaſon to preſume that theſe Pla- 
ners turn round theit Axis s variouſly inclin d, except- 
ing the Moon which do's not ſeem to turn, in regard 
is Spots appear always turn d to the Earth after the 
ſame manner. | 

Prolemy believ'd, as appears by his Syſtem, that 
Venus and Mercury were always under the Sun, up- 
on the account that he had ſometimes ſeen em eclipſe 
that glorious Star; but ſince the uſe of Teleſcopes 
we ve diſcover'd that theſe two Planets have, like the 
Moon, two different Phaſes ; which gives us to know, 
that Venus and Mercury not only borrow their Light 
from the Sun, as the Moon do's, but likewiſe turn 


round it like Satellites; and ſo we diſcover that Pro- 


ltmy's Syſtem is abſolutely falſe with reſpect to theſe 

wo Planets, a 
Since we have not found different Phaſer in the three 
other Planets, Mars, Jupiter and Saturn, which are 
alld the Superior Planets, we teadily infer from 
thence, that, they are higher than the Sun, for they 
borrow theit Light from it, as well as the Satellites of 
Jupiter and Saturn: For with reſpect to the Satellites, 
for inſtance, of Jupiter, we obſerve by a Teleſcope, 
that they caſt their Shadows againſt its Diſcus, when 
they are between the Sun and Jupiter, and in like 
manner Jupiter darkens 5 when 'tis between 
| an: 
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and the Sun: And with reſpect ro Mars we find by 
a Teleſcope, thar 'ris always of a round Figure in 
irs Oppoſition, and crooked between its Conjunction 
and Oppoſition, as it happens to the Moon a little be. 
fore and a little after irs Oppoſition, 

Remark. If inſtead of applying the Eye to the Ocular Gl: 
of a Teleſcope, we apply it to the Objective Glaſg 
twill produce a quite contrary effect, that is, in ſtead 
of augmenting the Object or bringing it nearer, twil 

make it appear leſs and more remote by an agreeable 
ſort of Perſpective. This we offer upon the Suppoſ- 
tion that the two Glaſſes are well placed, for other. 
wiſe the Object will appear confuſed, and without 
any diſtinction of Parts. Theſe Glaſſes are put into 
Tubes for the better gathering of the Species, and 
keeping off rhe dazzle of too much ſurrounding Light; 
for to ſee an Object well, the Object ought to be 
ſurrounded with Light, and the Eye with Darkneſ, 
And for this reaſon, the Eye placed at the bottom of 
a very deep Well, may ſee the Stars at Noon time di 
Day; and 'tis by this Contrivance that in the Royal 
Obſervatory at Paris one may ſee in the Day time the 
Stars that are near the Zenith. | 
of Mukipty= Some Proſpectives are made of Cryſtal cut withthe 
ing Glaſſes. point of a Diamond to ſeveral Angles, which ſerve to 
multiply the appearances of Objects to the Eye looking 
thro the Cryftal ; the occaſion of which is the var- 
ous Refraction, which ſends to the Eye as many diffe- 
rent Images of the Object, as there are different 
Plains in the Cryftal ; and theſe are calld Multiplying 
Glaſſes, and Polyedron Glaſſes, Thro' this ſorr of Pro- 
—_— a Tree appears as a Foreſt, a Houſe as a 

City, and a Company of Soldiers like a numerous 

rmy. 4s 

Of Micro-. We have likewiſe Ocular Microſcopes, which ate 

copes. call'd barely Microſcopes, and are compos'd of one ot 
more lenticular Glaſſes, that are parts of a very {mall 
Sphere, and magnifie the Objects prodigiouſly, ſo 
that by their means one may eaſily and diſtinctly ſee 
the ſmalleſt and otherwiſe Inviſible Objects, when 
they are near at hand. 

Theſe Microſcopes, which are likewiſe call'd En- 
gyſcopes, are made after ſeveral different ways, which 


tis needleſs here ro repeat. I ſhall only take 1 * 
| at 
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that ſome are made only of one lenticular Glaſs convex 
on both ſides, and done up in a little Box, in which 
is a ſmall Hole for one's Eye to ſee thro' the Glaſs a 
Flea, or any other Inſect placed on the other fide of 
the Bottle or Box, upon which occaſion all its o- 
therwiſe inviſible Parts are diſtinctly and wonderfully 
magnifyed. | 
If you pur into ſuch a Microſcope a Flea or a 
Louſe, you'll ſee a ſort of a Fight between theſe two 
monſtrous Animals. The Flea will reſemble a Graſs- 
Hopper, or rather a Lobſter, by reaſon of the Scales 
obſerved upon its Body, and its pointed Tail, with 
which theſe Animals prick Men. The Louſe will 
reſemble a hideous Monſter with a tranſparent Body, 
which gives the opportunity of ſeeing the Circulation 
of the Blood in its Heart, which ſenſibly bears and 
boils, rhro? the paſſion excited in it by its Enemy. 

In theſe and ſeveral other Inſects, we obſerve com- 
monly two Eyes; among which thoſe of Flies 
and of ſeveral other Inſects that creep upon the E-rth, 
appear interſected with ſeveral little Squares, like 
Fiſhers Nets. I ſaid, we obſerve commonly two Eyes; 
becauſe in a Spider we find fix and ſometimes eight 
Eyes, fix of which are placed in an Arch ct a Circle, 
and the orher rwo in the middle, 
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An Ant has likewiſe Eyes, tho ſeveral are of ano- Several DiC. 


ther Opinion who have not obſerv'd them, by reaſon 
of their black Colour like that of their Eyes. Theſe 
Eyes are eaſily perceiv'd in the ſmall Ants that we 
find in the largeſt Eggs, for theſe little Ants are white, 
which contributes much to the diſcovering of their 
black Eyes. 

* To a Microſcope the ſmootheſt Skin of Mankind 
appears frightful, and full of Wrinkles ; and the ſmoo- 
theſt beſt poliſh Glaſs appears rough, full of chinks, 
and as compos'd of ſeveral uneven irregular Pieces. 
In like manner the fineſt Paper appears rough and un- 
even, and full of Cavities and Eminences. The {ame 
thing is obſerv'd in the hardeſt and beſt poliſh'd Bo- 
dies, ſuch as a Diamond ; and therefore when we 
would chooſe a good Diamond, we ought ro look up- 
on it with a Microſcope, and rake that which is leaſt 
ragged. 


Dd 2 By 
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By a Microſcope we diſcover in the powder or duſt 
of Cheeſe, and even in the Cheeſe it ſelf, an infinite 
number of Animals colour'd very agreeably, with very 
large clear black Eyes, Claws on their Feet, Horns 
on their Head, and three remarkable Points in their 
Tail. In Milk, Vinegar, and Fruit ready to ſpoil 
thro' long keeping, we find Animals in the form of 
Worms and Serpents. In the Noſes of ſeveral Men 
we find Worms with a black Head, reſembling Li- 
zards and Spiders ; as well as in the Scab, the (mall 
Pox, Ulcers, and generally in all Corrupt Bodies, 

In fine by the means of a Microſcope, we find that 
a Mitre has its Back cover'd with Scales, that 
ir has three Feet on each fide, and two black Spots 
on the Head. We likewiſe find that the leaſt ſpot of 
Mouldineſs upon the cover of a Book is a little Partette 
cover d with Plants, which have their Stems, their 
Leaves, their Buds and their Flowers. We dilcover 
in Common Salt the figure of a Cube, in Salt of N. 


tre the figure of Pillars with fix Faces, in Sal Armo- 


niack an Hexagon, in Salt of Urine a Pentagon, in Al 
lum an Octagon, and in Snow a Sexangular Form, 


PROBLEM V. 


To make an Inſtrument by which one may be heard at « 
great diſtance, 


AS Proſpective Glaſſes ſerve the Eyes, ſo an Inftru- 

ment may be made to ſerve the Ear : For certain 
it is, that the long Tubes call'd Sarbacanes will make 
one to hear very diſtinctly at a good diſtance: Fce 
Pipes ſerve generally to inforce the activity of Na- 
rural Cauſes. Of this Experience is ſuffic ent Ev:- 


dence ; for by it we find that with a Sarbacane we 


can ſhoot to a great diſtance, and with a great force 
a little Ball placed in the Pipe, only by blow- 
ing upon it; and that the longer the Pipe is, the 
greater is the force: Tho' after all, as I take it, it 
ought not to be extravagantly long, but proportiond 
to the force of the blowing. Thus, we ſee Cannons 
of the ſame bore, and different length, increaſe their 
force from eight to twelve Foot long; but beyond 
that length their force diminiſhes 5 which proceeds un- 

| | doubtedlj 
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doubredly from this, that the length of the Cannon is 

no longer proportion'd to the force of the Powder, 

which puſhes out the Ball. 

Since every thing that's mov'd thro' the Cavity of 
a Pipe, has ſo much the more Violence, the longer the 
Pipe is, provided the length of the Pipe is propor- 
| WW tional to the moving Force; we may eaſily gather 
from thence the Reaſon, why a Voice thro' a long 
Pipe is heard ar a great diſtance, the Air being puſt'd 
with Violence thro' the Pipe; and tis for much the ſame 
Reaſon, that Fire confin'd within a Tube burns ve- 
ry fiercely, what it would ſcarce heat in the Air; and 
Water runs impetuouſly when confin'd to a long Ca- 
nal, as we ſee in Waterworks and Spouts of Foun- 
tains, 

Some Sarbacanes are made of fine Metal, as Silver, 
Copper, or any other Sonorous Matter, in the form 
of Funnels, or at leaſt wider at one end than at the 
other ; and theſe are made uſe of for hearing at a Di- 
ſtance a Preacher or any other Perſon that ſpeaks pub- 
lickly, by clapping the narroweſt end to the Ear; 
and turning the wide end to the Speaker, in order to 
collect the ſound of his Voice. 

Experience ſhews that Horns and Trumpets, which 
are almoſt of the ſame form, contribute very much ro 
fortifie the Sound, and make it to be heard at a Di- 


ſtance ; eſpecially thoſe Trumpets which are bended 
to an Arch of a Circle, as AB; for the Air makes a 
tronger Reflexion in a 1 chan in a ſtraight Pipe, 

3 as 
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as is evident from the Figure, in which the Lines AC, 
CD, DE, Sc. repreſent the different Reflexions of rhe 
Air puſh'd out by him who blows at B. 

Father Kircher the Jeſuir , in his Treatife De 
arte magna lucis & umbre, l. 2. Part. 1. cap. 7. Prop, 
3. {peaks of a certain Horn with which Alexander 
the Great ſpoke ro his whole Army though nu— 
merous and widely diſpers'd. and by which his Or. 
ders were heard by all his Soldiers, as well as if þe 
had been juſt by every one of 'em. He adds, thx 
according to What he had read of it in the Vatican at 
Rome, twas ſeven foot and a half in Diameter, and 
might be heard at the diſtance of an hundred Stadia, 
the extent of which makes about five Leagues. 

Thus you ſee that the Invention of the Speaking 
Trumper is very Ancient ; and of this irs Antiquity 
you will be more fully perſwaded if you believe The- 
dorus, who ſpeaking of the Oracle of Delphos, ſays, 
they ſometimes made uſe of the Speaking Trumpet, 
for the more dexterous gulling of thoſe who came 19 
conſult the Oracle, for this Inftrament made then 
hear a more than human Voice. This Inſtrument ba 


been reviv'd in our days by Sir Samuel Morland, who' 


call'd it Tuba Stentereophonica ; and tho' that Tuba do 
not carry ſo far as Alexanders, yet it raiſes a Man) 
Voice with a greater diſtinction of the Syllables and 
Words. 

This Author made ſeveral of different Sizes, the 
Reach of which was likewiſe different. One of em 
which was four Foot and a half long, was heard 2 
the diſtance of 3e Geometrical Paces : Another tha 
was fixteen Foot and eight Inches long, was heard 
ar the diſtance of 1800 Geometrical Paces; and 
third of four and twenty Foot above 2500, He tel 
us, that if theſe Trumpets be good, they muſt wider 
gradually by little and little, and as it were inſenfibly 
like AB, and not all on a ſudden. See the following 
F:gure, 


That 


<q *, I. 


Problems of Phyſicks. 


That Author has not given us a very exact Fi- 
re of the Trumpet, he only tells us that the Aper- 
ture A of the narrow end, ought to be equal to the 
Aperture of the Mouth of the Speaker; otherwiſe the 
Voice dwindles conſiderably, there being a great deal 


of Air loſt. So that the ſmall end ought to be ſo ad- 
juſted ro the Mouth as to loſe no Air; and at the ſame 
time the Mouth muſt have liberry ro open and fhur, 
that the Articulation may be form'd and preſery'd 
entire, 

We have here repreſented the Trumper ſtraight, 
like the ordinary Trumpets ; but you may give em 
any other Figure, for example, a Circular or Ellypti- 
cal Figure, [ike that of Alexander's. For the wind- 
ing, inſtead of doing any harm, ſerves rather to forti- 
ſie than to weaken the Voice, as we have ſaid alrea- 
dy. A Piftol ſhot off in ene of theſe Trumpers makes 
a noiſe like a Cannon, Tis now high time to come 
tothe Uſes, and the advantage of this Speaking Trum- 


pet. 

In the firſt place, the Speaking Trumpet is of good 
aſe at Sea, in a Storm or a dark Night, when one 
Ship dare not come within reach of ſpeaking nakedly 
to the other. For by this Trumpet they may ſpeak to 
another at the diſtance of a Mile or more, eſpecially 
if they rake the advantage of the Wind, which for- 
wards the Voice very much. 

An Admiral may, in imitation of Alexander the 
Great, make uſe of- it in a Calm, to convey his Or- 
ders to his whole Fleet, tho diſpers'd to the extent of 
two or three Miles round him. | 

In fine, if a Ship is all alone in a great Storm, he 
who commands the Ship, may by a Speaking Trum- 
pet, make his Voice to be diſtinctly heard by all the 
Seamen, And incaſe of a great Expedition, it may 
be uſed on Shoar, to give ſpeedy Orders to all the 
Ships in a Road; and if Secrecy be requir'd, the Or- 
| Dd 4 ders 
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ders may be conveyed in obſcure Terms previouſly 
concerted. | 

ln the ſecond place; The Speaking Trumpet may 
be of great uſe at Land; for by it a General may, 
like Alexander, ſpeak to his whole Army at once, 
tho? ſorty or fifty thouſand ſtrong ; both for giving the 
neceſſiry Ordecs, for rallying diſpers'd Troops, and 
for railing the Courage of the Soldiers; and by the 
ſame * 22 a Herald at Arms may be diſtinctly 
heard by ſeveral Millions of Souls, whereas without 
it his Voice could not be heard by above thirty or forty 
Perſons. 

'Tis likewiſe very convenient for an Intendant or 
Overſcer of Works, in giving Orders to all his Work- 
men at once, without ſhifting his place; as alſo for 

iving the Alarm to the adjacent Country, when a 
Houſe is rob'd. 

In fine, tis of great uſe, when a Town is Beſieged, 
for acquainting the Befieged when they may expe& 
Succour, for keeping the Officers to their Duty, and 
ſcaring the Inhabitants from Mutinies. 

The Speaking Trumper ought to be made of ſome 
reſounding Subſtance, ſuch as white Iron, for that con- 
tribures much to the fortify ing of the Voice. Tis ſaid 
that a Monk happening one day to ſing thro? a ſingle 
Cornet of Paſtboard, obſerved his Voice to be very 
much heighren'd by that Inſtrument, and ſo took up the 
fancy of billing a Chorus of Muſick with it, a moderate 
Voice ſo imployed ſurpaſſing the force of the Baſe 
Hoboys and Violins generally made uſe of in Muſick. 

As this Trumper inlarges the Sound, and fortiſies 
the Voice; ſo tis very uſeful for a help to the Ear; 
for if you fix to its Mouth or ſmall end a little Cor- 
net of Paſtboard, and put that to the Ear, it fortifies 
the Senſe of Hearing, and will make one hear the 


_ leaſt noiſe made at a great diſtance; for the width 
. the other end of the Trumpet ſerves to gather and 


fetch in the Sound, and the Cornet to convey it to 
the Ear. Tis upon this Principle that Vitruvius men- 
tions certain Veſſels or Pipes, that were uſed in Plays 
for inforceing the Voice of the Actors; and 'twas by 
the ſame Velka and Pipes that an 1talian Prince heard 
from his Parlour, the Voice of thoſe that were walk- 
ing in an adjoining Flower- Garden. 1 
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The Hearing may likewiſe be aſſiſted, and the 
Sound augmented, by a long Beam of ſome light re- 
ſounding Wood, ſuch as Fir, as AB; for we know 
by Experience, that if a Man lays his Ear to one Ex- 
tremity A, he will hear the leaſt noiſe at the other Ex- 


tremity B, t ho the Beam were 200 Foot long; for 
by reaſon of the quantity of the Pores of which the 
Wood is compos'd, it may be confider'd as a Canal 
or hollow Pipe, the property of which 1s to convey 
the Sound as far as tis long. 

Experience teaches, and Geomerry demonſtrates 
that one laying his Ear to one of the two Focus's of an 
Elliptick or Oval Vault, will readily hear another 
Perſon ſpeaking very low at the other Focus ; and at 
the ſame time People ſtanding in the middle between 
em ſhall hear nothing. Let the Elliptick Arch-roof 
be ABC, the two Focus of which are E and F; he 
who ſpeaks very low at E, will be readily heard by 


another at F; tho' thoſe who are in the middle be- 


tween E and F, ſhall hear nathing, Now, the cauſe 
of this, is the Air, which being puſh'd on all hands 
from E towards D againſt the Arch-roof, by the Voice 
at E, reflects in an infinite number of ſtraight Lines 
which terminate at the other Focus F, with Angles of 
Reflexion equal to thoſe of Incidence; for the pro- 
perry of thele two Focus's EF is ſuch, that if from the 
ame Point of the Ellipſis ABC, ſuch as D, you draw 
the two ſtraight Lines DE, DF, theſe two ſtra.ghr 
Lines will make with che ſame Elliplis, on one fide 
and r'other, equal Angles. | 

The 
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Of Eccho's, 
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The caſe is almoſt the ſame in a Parabolick Arch. 


Roof or Dome, ABC, the Focus of which is B. 


where a Perſon ſtanding may eaſily hear another 
ſpeaking very low at D, for the Air which the Voice 


BB B 


| 
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ſhes from D againſt the Roof at B, by the Line 

B parallel to the Axis of the Parabola, reflects inthe 
Line BE, which by the property of a Parabola repairs 
to the Focus E. 


PROBLEM VL 


To make a Conſe * of Muſick of - ſeveral parts, with only 
one Voice. — . | 


Te E Sound conveyed diſtinctly to the Ear, by re- 

mote Bodies, againſt which the Air is driven by 
the Voice of an Animal or otherwiſe, and then re- 
flected, is what we call an Eccho ; which is ſometimes 
double, triple, Sc. when the Voice is ſtrong enough 
ro make ſeveral Bodies, ar different Diſtances, bear 
back at ſeveral times the parts of the Air to our Eacs, 
ſo that one Eccho is no ſooner ended than another be- 
ins. 
Tho? moſt Eccho's make us hear only the laſt words 
of the Voice, becauſe the Air, tho' ſtrongly impreſs d, 
has not the ſame force ar the end that it had ar the 
beginning; yer it may be ſo contrived as to make a 


Conſort of Muſick of ſeveral Parts, that is, a Conſort 


of 


co 2 Do QQ. - 
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ch · Jof ſeveral Songs tun'd together, by only one Voice 
E. ¶ or one Inſtrument, to the found of which the Eccho 


her Answers. 


ice For if the Eccho anſwers only once to the Voice or 


the Sound of the Inſtrument, he who Sings or Plays 
may make a Duo, that is, a Mufick of two Parts; and 
again a Trio or Muſick of three Parts, if the Eccho 
anſwers twice. Bur indeed he muſt be an expert Mu- 
ſcian, and one that's well vers'd in varying the Tune 
and the Note. 

Thus commencing, for example at Ut, he may be- 
gin Sol a little before the Eccho anſwers, ſo as to fi- 
niſh the Pronunciation of Sol by that time that the 
Eccho has compleated its Anſwer, and then he will 
have a Fifth, which is a perfect Conſonance in Mu- 
ick; and in like manner, if at the ſame time with 
the Eccho's anſwering to the ſecond Note Sol, or a 
little before, he repeats it upon a higher or lower 
Note, he will make a Diapaſon or Eighth, which is 
perfect Harmony in Muſick. And fo on, if he has a 
mind to continue the chace with the Eccho, and fing 
alone the two Parts. 

To this purpoſe we ſee by Experience in ſeveral 
Churches, when they're finging, that there ſeems to 
be many more parts in the Chorus than there really 
are, the quantity of Eccho's making the Air to re- 
bound on all fides, and ſo multiply ing the Voice and 
ndoubling the Chorus. i | 


PROBLEM VII. 


To make the String of a Viol ſhake without touching 
it, . 


(* Hooſe at pleaſure three Strings in a Viol, or any 
other Inſtrument of that ſort, without any Interme- 
diating String, and tune the Firſt and the Third to the 
lame Note, without touching that in the Middle; then 
WW firike one ef the two Strings thus tun'd pretty hard 
with a Bow, and you'll find that when it ſhakes the 
other will tremble ſenſibly and viſibly, and the middle 
derung tho' neater, ilall not ſtir no manner of way. 
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Mathematical and Phyfical Recreations. 

This Problem may likewiſe be reſolved by two 
Stripged Inftruments of the ſame ſort, as two Viol, 
two Lutes, two Harps, two Spinettes, &c. by put. 
ting the two in the ſame Tune, and then placing them 
at a convenient Diſtance, and in a proper Poſition; 
for one of the two Inſtruments being rouch'd with 3 
midling force, will move the other, f is, the Strings 
of rhe other, which are ſuppos d to be in Uniſon, will 
produce ſuch another Harmony, eſpecially if the 
— in one and t other Inſtrument are equally long 
and equally thick. For this I can aflign no other Rex 
ſon bur Experience. 


PROBLEM VII. 


To make a Deaf Man hear the Sound of a Muſical Is 
ſtrument. | 


T muſt be a String'd Inftrument, with a Neck of 
ſome Length, as a Lute, a Guitarre, or the like; 
and before you begin to play, you muſt by Signs di- 
rect the Deaf Man to take hold with his Teeth of the 
end of the Neck of the Inſtrument ; for then if one 
ftrikes the Strings with the Bow one after another, the 
Sound will enter the Deaf Man's Mouth, and be con- 
veyed to the Organ of hearing thro' the Hole in the 
Palate: And thus the Deaf Man will hear with a 
great deal of Pleaſure the ſound of the Inſtrument, as 
has been ſeveral rimes Experienced. Nay, thoſe who 
are not Deaf, may make the Experiment upon them- 
ſelves, by ſtopping their Ears ſo as nor to heac the In- 
ſtrument, and then holding the end of the Inſtrument 
in their Teeth while another touches the Strings. 


PROBLEM IX. 


To make an Egg enter a Vial without breaking. 


ET the Neck of the Vial be never ſo ftrait, 
an Egg will go into ir without breaking, if it be 


firſt ſteep'd in very ſtrong Vinegar, for in proceſs of 


time the Vinegar do's fo ſoften it, that the m—_— 
end 
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bend and extend lengthways without breaking. And 
when tis in, cold Water thrown upon it will recover its 
primitive hardneſs, and, as Cardan ſays, its primitive 
Figure, | 


PROBLEM X. 
To make an Egg mount up of it ſelf. 


Make a little Hole in the ſhell of the Egg, and fo 
rake out the Yelk and the White, and fill the 
Egp-ſhell with Dew; then ſtop up the Hole and ex- 

le it to the Rays of the Sun at Noon-day ; for then 
the Dew not being able to bear the Light, nor too 
great Heat, will riſe up with the Egg - ſhell, eſpecially 
if it leans againſt a little Stick or piece of Wood, 
that lopes never ſo little, and if the Hole is well 


op d. May Dew is ſaid to be beſt ; and tis obſerv'd 


by the Farmers, that the more May abounds in Dew, 
the more plentifully do's the Earth bring forth; for 
Dew being a ſubtile Vapour, produced in the Morn- 
ing by a weak Hear, and preſerv'd by. a moderate 


Cold, tis very well diſpoſed for the Reception of Ce- 


kſtial Vertues; and when it inſinuates ir ſelf into Ve- 
getables, ir communicates to them the Vertues it re- 
uins; and hence ir comes that Plants moiſten d with it 
thrive better, than when they are nouriſh'd with Spring, 
well, or River Water. | 


"PROBLEMOME: 
To make Water freeze at any time in a hot Room. 


FIlla Vial with warm Water, the Neck of which is 

ſomewhat narrow, and having ſtop'd it cloſe, put 
it in a Veſſel full of Snow mix'd with common Ele 
and Saltpetre, ſo as to leave the Vial cover'd all over 
with Snow; and in a little time the Water will be 
quite frozen, tho” in the Summer time, and in a very 
bot Room, 


If you throw cold Water with Snow upon a Table, 


and upon the Snow ſet a Platter full of Snow 7 
a ut» 
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How to 


make Ice in fin'd Saltpette, and half an Ounce of Florentine O. 


er, 


that Wine is likewiſe cool'd with Ice; and in regar 


Mathematical and Phyſical Recreations. 


a ſufficient quantity of Salt and Saltpetre pounded i B: 
the Salt and the Saltpetre will make the Snow ſo cold 


that in a little time the Water under the Platter wil 
be turn d to Ice, and make the Platter ſtick fo faſt tg 
the Table, that you cant move it without ſome dif. 
ficulty. = ct 

The Saltpetre and Sal-Armoniack are likewſe pol. 
ſeis'd of the vertue of making Water ſo extremely 
cold that if you put a ſufficient quantity of em n 
Common Water, twill become ſo cold that you 
Teeth can ſcarce bear it. They might therefore be ye. 
ry uſefully imployed in Summer for cooling Wine qt 
any other Liquor, by ſetting the Wine Bottles in We 
ter thus refripgerared. 

It you d:ffolve'a pound of Nitre in à pail of We 
ter, the Water will be exceſſive cold, and ſo very pro 
per for the uſes above-mention'd. "Tis well know 


Ice can't always be had in Summer, I ſhall preſcribe 
a way of making it. 
To make Ice in Summer, pur two Ounces of re. 


ris, into an Earthen Bottle filf'd with boiling Warer; 
ftop the Bottle clole, and convey it forthwith into; 
very deep well, and there let it ſteep in the Well M. 
ter for two or three Hours, at the end of which you 
find the Water in the Bottle all Ice; fo you have 10. 
_ to do but to break your Bottle and take our you 
ce. . 


l 

PROBLEM XI. pL 

To kindle a Fire by the Sun-beams.. Wit 

of 

THIS Problem may be reſolv'd either by . 
fraction in uſing lenticular Glaſſes thicker in te ¶ Boe 
middle than in the tides, call'd Burning-Glaſſes, thro {Won 
which when the Rays paſs they refract and unit? in con 
one Point call'd the focus, at which you may ligt Hef 
Match or any other combuſtible Matter: Or clie i the 
Rulexion, in uſing a concave Looking-Glaſs of Metal I Ce: 
well poliſh'd in its Concavity, which may be eithet I Dir 


Spherical or Parabolick, and is likewiſe call'd a 


Burn 


Problems of Phyſicks, 


Burning-Glaſs, but much better than the former ſort ; 


for by it you may in a Moment ſet fire to a piece of 


Wood, and in a ſhort time melr Lead; and even Iron, 


and vitrify Stone, as we intimated above at large in 
Probl. 16. Of the Opticks, which ee. 


PROBLEM XIII. 


To make a Fowl roaſting at the Fire, turn round of it ſelf 
with the Spit. 


Te a Wren and ſpit it on a Hazel Stick, and lay 
it down before the Fire, the two ends of the Ha- 
zel Spit being ſupported by ſometking that's firm ; and 
you'll ſee with Admiration the Spit and the Bird turn 
by little and little without diſcontinuing, till tis quite 
roaſted, This Experiment was firſt found out by 
Cardinal Palotti at Rome, who ſhew'd it Father Kir- 
cher, in order to know the Phyfical Cauſe of it; 
which to my Mind is eafily diſcover'd, for the Ha- 
zel Wood is compos'd of ſeveral long and porous Fi- 


it turn round when the Wood is hung right. 


PROBLEM XIV. 


To make an Egg ſtand on its ſmalleſt end, without fate 
ling, upon a ſmooth Plain ſuch as Glaſs. 


PLace a Looking-Glaſs quite Level, or Horizonral- 

ly, without inclining to either fide ; toſs the Egg 
with your Hand till the Yelk burſts, and the matter 
of it is equally diſpers'd thro' all the parts of the 
White, ſo that the White and the- Yelk-make bur one 
Body, Then ſer the end of the Egg upon the Hori- 
zontal Plain, holding it till tis uprighr, and then twill 
continue in that ſituation without falling, by reaſon 
of the Æguilibrium made on all fides by the parts of 
the Yelk equally mix'd with the White, ſo that the 


Center of gravity in the Egg continues in the Line of 


P R O- 


bres, into which the heat inſinuates it ſelf, and ſo makes 
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PROBLEM XV. 


To make a piece of Gold or Silver diſap ar, without alz 


tering the poſition of the Eye or the Piece, or the in- 
tervention of any thing, 


2D T the piece of Gold in a Porringer full of Wa- 

ter, or a Veſſel that's broader than tis deep, and 
let the Eye be in ſuch a Poſition, as juſt barely to lee 
the piece at the bottom over the Brim of the Veſſel; 
then rake out the Water, and tho' the Porringer conti- 
nues in the ſame Pofition as well as the Eye, the 
Piece which appear'd before by vertue of the Refraction 
made in the Water, will then be cover'd from the 


ſight by the ſides of the Porrenger. - 


PROBLEM XVI. 
To make 4 Loaf dance while 'tis baking in the Oven. 


PUT into the Dough a Nutſhell fill'd with Live 

Sulphur, Salrpetre and Quickſilver, and ſtop d 
cloſe; as ſoon as the Heat comes to it, the Bread will 
dance in the Oven; which is occafion'd by the nature 
of Quickſilver, for it can bear no Heat without be- 
ing in a continual Motion. Thus, by the means of 
Quickſilver put into a Pot where Peaſe are to be boi d, 
all the Peaſe will leap out of the Pot as ſoon as the 
Water begins to heat. In like manner Quickſilver 
pur into hot Bread, will make ir dance up and down 
the Table. 2 | 


PROBLEM XVI. 
To ſee in a dark Room what paſſes abroad. 


| Make your Room ſo cloſe and dark, that the Light 
can 


come in no where but through a little Hole 
left in a Window upon which the Sun ſhines z over 
againſt this Hole, at a reaſon; ble diſtance . 
f | | plac 
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hce ſome white Paper, or a piece of Linnen; and 


you'll ſee every thing that paſſes by the outſide of the 


Window appear on the Paper or Linnen, only their 
Figures are inverted, 


For your further Satisfaction in the Reſolution of thus 


Problem, look back to Problem 18 of the Opricks, 


PROBLEM XVII. 


To hold a Glaſs full of Water with the Mouth down, ſo 
4 that the Water ſhall not run out. 


AKE a Glaſs full of Water, cover it with a Cup 

that's a little hollow, inverring the Cup upon the 
Glaſs ; hold the Cup firm in this Poſition with one 
Hand, and the Glaſs with the other, then with a Jerk 
turn the Glaſs and the Cup upſide down, and ſo the 
Cup will ſtand upright, and the Glaſs will be inver- 
ted, reſting its Mouth upon the interior bottom of the 
Cup. This done, you'll find that part of the Water 
contain'd in the Glaſs will run out by the void ſpace 
berween the botrom of the Cup and the brim of the 
Glaſs; and when that ſpace is fill'd, fo that the Wa- 
ter in it reaches the brim of the Glaſs, all paſſage be- 
ing then denied to the Air, ſo that it can't enter the 
Glaſs, nor ſucceed in the room of the Water, the Wa- 
ter remaining in the Glaſs will not fall lower, but con- 
tinue ſuſpended in the Glaſs. 
If you would have a little more Water deſcend in- 
to the Cup, you muſt with a Pipe or otherwiſe draw 
the Water our of the Cup, to give paſſage to the Air 
in the Glaſs ; upon which part of the Water will fall 
into the Glaſs till it has ſtopt up the paſſage of the 
Air afreſh, in which caſe no more will come down ; 
or, without ſucking out the Water in the Cup, you 
may incline the Cup and Glaſs ſo that the Water in 


the Cup ſhall quit one fide of the brim of the Glaſs, - 


and ſo give paſſage to the Air, which will then ſuffer 

the Water in the Glaſs to deſcend till the paſſage is 

ſtopr again. 

This Problem may likewiſe be reſolved by cover- 

ing the brim of the Glaſs that's full of Werex, with 

a leaf of ſtrong Paper, and then turn the Glaſs, as 
| Ny E e EE above; 
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above; and without holding your Hand any longer 
upon the Paper, you'll find ir as it were glewed for 
ſome time to the brim of the Glaſs, and during that 
time the Water will be kept in the Glaſs. 


PROBLEM XIX. 


To make a Veſſel or Cup that ſhall throw Water in the 
face of the Perſon that drinks out of it. 


ET a Cylindrical Veſſel of Metal or of what 
other Subſtance you will, ſuch as ABCD ; and 
another Conical Veſſel EFG, the Mouth or Aperture of 
which EF, is larger than the Mouth AB; and ſo the 
Conical Veſſel being put with its Vertex down into the 
Cylinder it exactly fills the Aperture AB, but its Point 
G at which there's another Aperture do's not touch 
the bottom CD, and that for a reaſon to be given in 
the Sequel. Tho' this Conical Veſſel do's by its 
roundneſs exactly ſtop the Mouth or Aperture AB, 
yer eis difficult to hinder the Air to enter in between 
em, and therefore to cut off all manner of paſſage for 
the Air, rhe Conical Veſſel ſhould be — glewed 
to the brim AB. a 
This done pour Water or Wine into the Conical 
Veſſel, at its Mouth or Aperture EE, and the Liquor 
will deſcend thro the Aperture G, into rhe Cylindri- 
cal Veſſel, and will there riſe to about the height of 
the Aperture G; for twill ſcarce be able to riſe 
higher by reaſon of the Air incloſed in the Veſſel, 
which will be there very much compreſs'd. Now, the 
Liquor not being able to riſe higher in the Cylindii- 
cal Vestel ABCD, will riſe in the Conical Veſſel 
EFG. and fill it if you continue to pour Liquor into 
the Veſſel EFG. 
After this Preparation, if you preſent the Veſſel to 
any one, to drink out of it when the whole Conv 
cal Veſſel EFG is empty, the Water remaining in the 
Cylindrical Veſſel ABCD being preſs'd by the Air, 
which 1s likewiſe compreſs'd it ſelf will imperuoully 
fly out thro the Aperture G, and wet all the face of 
tne Perſon that's a Drinking. | 
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PROBLEM XX. 
To make a Veſſel that will produce Wind. 


HE Veſſels that produce Wind are call'd Æolipilæ, plac 24. 
being compos'd of Metal, ſuch as Braſs, in the Fis- 73. 
form of a hollow Ball, as ABCDE, which art firſt is 
filld only with Air; and then being brought to the 
Fire, the Air is rarified, ſo that a conſiderable part of ir 
gets out at the Aperture A which ought to — very 
ſmall. This Aperture is ſo made, that, Water may 
by it enter the olypile, when the neck A is dip'd 
into cold Water, which will condenſate the Air and 
give paſſage to the Water, and force it to enter to fill 
the Vacuum, 
Having thus fill d part of the Zolipile with Water, 
as far, for example, as CE, ſet it upon hot burning 
Coals in a ſituation like that repreſented in the Fi- 
gure; and the Water in the lower part CDE upon 
the approach of the Heat, will gradually rarefy, and 
by little and little riſe up in Vapours, which fly into 
the ſpace CBE, where there's nothing but Air; and 
then the Vapours and the Air purſuing one another, 
ſtrive to get out in a Croud at * Aperture A; upon 
which occaſion, thoſe which are next the Aperture fly 
our with great Velocity, and produce ſuch an Impe- 
tuous Wind and Whizzing, that twill cauſe a wind 
Inſtrument, ſuch as a Flagelet, to ſound if applied to 
the Aperture. 
To render this Machine more agreeable, they com- Remark. 
monly make it in the form of a Head, with the hole 
at the Mouth, which will continue to blow till all 
the Water is evaporated, which may hold long 
enough, for, as we intimated above, it evaporates bur 
by little and little. If in ſtead of Common. Water, 
you put into the Æolypile Spirit of Wine, and ſer fire 
to the Vapour that comes out, you'll ſee with Plea- 
ſure a continual Fire, which will laſt as long as the 
8 continues its violent egreſs. ho | 
This Wind having all the properties of the Winds of che cauſe 
that blow on the ſurface of the Earth, ſome Philoſo- of Winds. 
phers pretend to demonſtrare from thence the Origin 
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of Winds, by comparing the Cavities of Mountaing 


to the Cavity of an Zolypile ; the Water convey'd 
from the Sea to theſe Cavities by ſeveral Subterrane- 
ous Paſſages, to the Water conrain'd in the Æoly pile; 
the Heat in the Bowels of the Earth which reduces 
that Water into Vapor, to the heat that rarifies and 
dilates the Water in the Zolypile ; and in fine the va- 
rious chinks of the Earth, thro which the Vapours 


riſe, to the hole of the Xolypile, 
PROBLEM XXI. 


To make Glaſs-Drops. 


GLaf-Drops are thick little pieces of Glaſs, made 
almoſt like a Drop, which have a long flender 
end, as ABCD, which being broken ar irs Extremity 
A, the Drop CD breaks preſently with a Crack, and 
flies into white Powder and little Fragments to two or 

three foot round. 
Theſe Drops, which have excited the Curioſity, 
and perplex'd the Reaſon of moſt Philoſophers, are 
made by letting a little of the melted Matter of which 
the ordinary Glaſſes are made, fall into a Veſſel full 
of cold Water; for then this melted Matter which is 
very glutinous while tis red, makes a long String, 
by which they hold the Drop in the middle of the 
VVarer, where it cools and hardens in a little time; 
after which they ſeparate the String which is out of 
the Water, ſo that the remaining part in the VVater 
do's not break, commonly call'd a Glaſs Drop. To this 
Drop there ſticks a ſmall end, part of which may be 
ſeparated, by making it red at the flame of a Candle, 
without breaking the Drop; nor will this Drop break 
if you lay it upon VVood, and with a Hammer ftrike 
upon its thickeſt part D, for its External Parts are 
very hard, and ſupport one another like a Vault. And 
they only break, upon bending the ſlender end A til 
it breaks, by vertue of the Spring rais'd by that effon 
in all irs paris, which ſhake and tremble like an er- 
rended String, put into Motion by forcing it to bend ; 
whence it comes that theſe parts do in a little time re- 
turn with very great velocity to their firſt Diſpoſition; 
4 an 
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and that the parts which are leſs united, and only 
contiguous, as it were, diſunite and ſeparate, and that 
occaſions the Diſunion and Separation of all the reſt, 
and their flying all about with a Noiſe. See upon 
this Head Mr. Mariotte's Diſcourſe of the Nature of 
the Air publiſh'd in 1679, in which he has in my Opi- 
nion wrote more pertinently of this Subject, than any 
one beſides. By 


PROBLEM XXIL 


To make new Wine keep its ſweetneſs for ſeveral 
Tears, 


MIX. Lentin informs us, that if you let New Wine 

heat by it ſelf, ir loſes in a little time all its 
Sweetneſs, eſpecially if the Casks are left open; but 
if you boil it upon a Fire immediately after the Grapes 
are preſſed, moſt of the Volatile Principles of the 
Sweetneſs concentrate, and link themſelves with the 
more fix d parts of the VVine, which preſerves its 
Sweetneſs for ſeveral Years. | 

A ſweet and new VVine may preſerve its Sweetneſs Remark. 
at leaſt a whole Year; if you pitch the Cask well 
both within and on the outſide, ro hinder the Water 
to penetrate into it, and ſo ſpoil the VVine, which 
ought to be put into it before it boils ; and keep the 
Cask well ſtop'd in a Ciſtern of VVater, ſo as to be 
cover'd all over for a Month or thirty Days; and 
then take out the Cask and place it in a Cellar. | 

In the year 1692, I had a Cask full of Burgundy 
VVine brought me in the Summer to Paris by VVa- 
ter, which immediately upon its Arrival was clap'd 
into my Cellar; and after a few days ſtanding, I 
found it boiling as if it had been quite New, and that 
it had reaſſumed its former Sweetneſs, which conti- 
nued about a Month; and after that it prov'd extra- 
crdinary good VVine. Some tell you that a piece of 
Cheeſe or Pumice-ſtone thrown into the Cask, will 
break the violence of fermenting V Vine. 

VVhen the New VVine has loſt irs Sweerneſs, it To Recover 
may be recover'd by Casking it up immediately, and he Svert 
parting in the bottom of the Cask half a pound of wine. 
548 | Ee 3 Muſtard- 
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Muſtard-Seed, leſs or more, according to the fize of 
the Cask. 


PROBLEM XXIII. 


To know when there is Water in Wine, and to ſeparate 
it from the Wine. 


Ir the VVine is neither ſweet nor new, but fine and 

clear of its Lee, you may know (according to Porta 
and Father Schott) whether tis mix d with VVater or 
not, by throwing into it Apples or Pears, for if the 
VVine is unmix d they'll fink to the bottom, if tis 
mix d they'll ſwim above, becauſe the Specifick Gra» 
vity of VVarer is greater than that of VVine. 

Some order wild Apples or Pears, and if theſe cant 
be had, ripe Apples or Pears. Others make uſe of an 
Egg, and alledge, that when the VVine is pure the 
Egg falls ſwiftly ro the bottom, bur if tis mix'd with 
VVarter, the Egg deſcends more ſlowly, the VVater 
having by vertue of its Gravity more force to bear up 
the Egg than the V Vine has. 

Now the contrary will happen, if the VVine be 
Sweet and New; that is, when ſuch VVine is un- 
mix d, the Egg will deſcend flower than when tis 
mix d; by reaſon that New VVine unmix d is by 
vertue of its Lee heavier than VVater, and conſe- 
quently becomes lighter by the addition of Water. 

VVhen — have diſcovered that the VVine is mix d. 
you may ſeparate the VVater by a dry Bulruſh, accor- 
ding to Mizauld; for the Ruſh being a Plant that 


grows and thrives in watry marſhy Places, if it be 


dryed, and one end of it put into mix'd VVine, the 
VVater will inſinuate it ſelf into the Ruſh, and ſo the 
VVine will be left alone. By the ſame Reaſon, the 
Ruſh may ſerve to diſcover whether the Wine is mix'd 
with V Vater or nor. 1 . 

On the other hand. ſome pretend you may ſeparate 
the VVine from the VVater, by putting in a long nat- 
row piece of Linnen, VVoollen, or Cotton Cloth, one 
end of which hangs out of the Veſſel, as if the Wine 
being lighter would riſe and flow out upon the Cloth 
while the VVater ſtays behind; but this and uo 
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other ways for the ſame purpoſe, ate diſproved by 
other Authors. | WES 

You may pour Wine u Water without mixing, To pour wa- 
if you put a toſt of Bread upon the Water in a Glaſs, ter intoWine 
and while this toſt ſwims above the V Varer, pour in — 
the Wine very ſoftly; for then you'll ſee the VVater 
remain unmix'd at the bottom of the Glaſs without any 
alteration in irs Colour. 

Here by the bye I ſhall ſhew you a way of know- To know if 
ing when VVarer is mix'd with Milk; put a little — ag 
Stick into the Milk, then pull it out, and let a drop A 
of the Milk fall from it upon the Nail of your Thumb ; 
and if the Milk is pure, the drop being thick will ftand 
for ſome time upon your Nail; bur if tis diluted with 
VVarer "twill run off immediately. 

You may turn VVater into Wine in appearance, by To turn Wa- 
ſetting a Vial full of Water in a Cask full of Wine, On 
turning the Mouth of the Vial downwards; for then 
the Water will run out, and the Vial will be filld 
with Wine; which the Ignorant will rake to be a 
turning of VVater into V Vine. | 


PROBLEM XXIV. 


Having two equal Bottles full of di ferent Liquors, to 
make a mutual exchange of Liquor, without making 
uſe of any other Veſſel. 


1 Suppoſe the two Bottles to be of equal Magnitude 
both in Neck and Belly, and the one to be full 
of VVine, and the other of Water. Clap the one 
that's full of VVater nimbly upon the other that's 
full of VVine, ſo that the two Necks ſhall fit one ano. 
ther exactly, as in the Figure, where the Bottle AB Plate 24. 
repreſents that which contains the V Vater, and BC bis 74. 
that which contains'the Wine. In this caſe, the Wa- 
ter being heavier than rhe VVine will deſcend into the . 
place of the VVine, and make the VVine aſcend into - 
its place; but in this caſe rhe Wine will be conſidera- | 
bly alrer'd, for twill have loſt irs Vapours and Fumes, 
and be uncapable to Intoxicate. 

As the Wine can't Intoxicate, ſo it do's not drink Remark. 
Palatably, as having loſt all its Strength. Bur if you 
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How to ® want to prevent the intoxication of good Wine, Wecker 
. and Alexis adviſe you, for this purpoſe, to take, be- 


Wine. 


Remark. 


fore you begin to drink, an Ounce of the Syrup pre- 
par d of two Ounces of the Juice of Coleworts, two 
Ounces of ne Juice of four Pomgranates, and an 
Ounce of Vinegar, all boil'd rogether for ſome time, 

VVe ate inform'd by the ſame Alexis, that, to pre- 
vent Drunkenneſs, you ſhould break your faſt with 
ſix or ſeven bitter Almonds, or with the Juice of Peach 
Leaves, or elſe with four or five Sprouts of the Leaves 
of raw Coleworts. We are told that when the Eg) 
tians prepar'd for a Drinking Match, they eat Cole- 
worts boil'd in V Vater, before any thing elſe. 


PEODBLEM. N. 
To make a Metallick Body ſwim above Water. 


TH O' the Specifick Gravity of VVater is inferior 

to that of Metals, and conſequently VVarer is 
uncapable, abſolutely ſpeaking, ro bear up a Metal- 
lick Body, ſuch as a Ball of Lead ; yer this Ball 
may be flatred and beat out to a very thin Plate, 
which when very dry and pur ſoftly upon ſtill Water, 
will ſwim upon it without ſinking, by vertne of its 
dryneſs. Thus we ſce a Steel Needle will ſwim upon 


VVater, when tis dry and laid ſoftly lengthways upon 
- the ſurface of ſtill VVater. 


But if you would have a Metallick Body to ſwim 
neceſſarily upon V Vater, you muſt reduce it to a very 
thin Plate, and that Concave like a Kettle, in which 
caſe the Air it contains weighs leſs than the VVarer 
whoſe room it poſſeſſes. *T 's by this Contrivance that 
Copper Boats or Pontons are made tor paſſing whole 


Armies over Rivers without any Danger. 


If you put this. Concave Metallick Veſſel upon the 
VVarer with ts Mouth perp-adicularly down, *ewill 


ſtill ſwim, by realen that the Air contain'd in its Ca- 


vity finds no exit; inſomuch that if you puſſi it under 
WVater and hold it there by force, the derain'd Air 
will keep the bottom from being wet on the inſide. 
And by the ſame Reaſon, you may have a burning 
Coal in the bottom, and find it not extinguiſh d when 
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you take it our of the Vvater, provided you do pot 
bold ir long under Water, for Fire ſtands in need of 
Air to keep it in. 


PROBLEM XXVI. 


To make Aquafortis put up cloſe in a Bottle boil without 
Fire. 


UT a ſmall quantity of Aquafortis, and of the 

Filings of Brals in a Bottle, and you'll ſee ſo great 
an Ebullition, that the Bottle will appear quite full, 
and be ſo hot that you cannot touch it without burning 
jour ſelf. 

In like manner if you mix Oil of Tartar and Oil gemark. 
of Vitriol together, you'll preſently ſee a very great 
Ebullition with a ſenſible Heat, tho neither of theſe 
Liquors is compos'd of any Combuſtible Matter. 

Aquaforty is ſo call'd with reſpect to its Strength in Of Aquafor- 
iiolving almoſt all Metals and Minerals. Tis com- tis and Aqua 
monly a Diſtillation from Saltpetre and Vitriol or 
Green Copperas ; and tis yet better, if it be a Diſtil- 
lation from Saltpetre and Roach Allum. It diſſolves 
all Metals, but Gold; but is render'd capable of the 
diſſolution of Gold by diſſolving Sal Armoniack or 
dea- Salt in it, after which it aſſumes the name of Aqua 
Regia, + £5, + 
To avoid all obſcurity of Terms ; I ſhall here ac- 
quaint you by the bye, that Sa! Armoniack is a Com- of Sal Ar- 
polition of Bay-Salr, Chimney- Soort, and the Urine moniack- 
of Animals: That Roch, Allum is a mineral earthy Noch 
ſharp Salt fill'd with an acid Spirit, which is often- 
times found condenſated in the Veins of the Earth, or 
s taken from Aluminous Springs by Evaportion; or 
is found among Mineral Stones, and diſengaged from 
them by diſſolution in Water and Eyaporation : And in 
ine, That Salrpe:re is a Salt that's partly Sulphureous 
and Volatil, and partly Terreſtrial ; it is found in the 
dark Cavernous places of the Earth, and likewiſe in 
Stables, by reaſon of the great quantity of Volartil . 
Salt in the Urine and Excrements of Animals, which 
joyns in with the Salt of the Earth by the continual 
«tion of the Air, n 
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The Oil of Vitriol (mention d above) is a Cauſtick 
Oil diftill'd qe ſtrong Reverberating Fire from V. 
triol. Now, Virriol is a Mineral Salt, approaching tg 
the nature of Roch-Allum, which is found cryſtallisd 
inthe Earth of ſuch Mines as abound in Metals, which 
gives us to know that it contains in it ſome Merallick 
Subſtance, and particularly Iron or Copper. When 
"tis loaded with Copper, if you rub it againſt Tron 
*ewill ſtain it with a Copper colour. But tis beſt for 


all manner of Preparations when it partakes moſt of 


Salt of Tar- 
r. | 


Iron. 

The Oil of Tartar (mention'd above) is diſtilld 
from Tarrar along with the Spirit, from which dis fe. 
parated by a Funnel lin'd with brown Paper, Tar. 
tar it (elf is an Earthy incorruptible Subſtance, form' 
like a reddiſh Cruſt round the infide of Wine-Casks 
which thickens and congeals to the hardneſs of a Stone. 
and is ſeparated from the pure parts of the Wine, by 
the action of the Fermentative Spirit. 


PROBLEM XXVIL 
To make the Fulminating or Thundring Powder. 


T three parts of Saltpetre, two parts of Salt oſ 
Tartar, and one part of Sulphur, pounded and 
mix d together; heat in a Spoon 60 Grains of this 
Compoſition, and twill fly away with a fearful noiſe 
like Thunder, and as loud as a Cannon, breaking 
thro the Spoon and every thing underneath it, for it 
exerts it (elf downwards, contrary to the nature 0 
Gunpowder which exerts it ſelf upwards. 

The Salt of Tartar here uſed, is only a Solution in 
Water of the black Subſtance that remains after the 
Diſtillation of the Oil of Tartar, and an Evaporation 
of that Solution to a dry Salt, which muſt be kept 
very cloſe, leaſt the moiſture of the Air ſhould mel 
Ic. N 1 
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PROBLEM XXVIIL 
To make the Aurum Fulminans or Thundering Gold. 


PUT into a Matraſs upon hor Sand the filings of 
fine Gold, with a triple quantity of Aqua Regia, 
which will diſſolve the Gold: Mix this Solution with 
2 ſextuple quantity of Spring Water, and then pour 
upon it drop by drop the Oil of Tartar or Volatil 
Spirit of Sal Armoniack, till the Ebullition ceaſes, and 
the Corrofion of the Aqua Regia is over; for then the 
Powder will percipitate to the bottom, which may be 
dulcified with warm Water, and dried with a very 
low Fire. 

This Powder is much ſtronger than that laſt de- 
ſcribed; for if you fer fire ro 20 Grains of it, *rwill 
act with more Violence and have a louder Crack, than 
half a pound of Gunpowder, and two Grains of it 
kindled at a Candle have a ſtronger report than a 
Musket Shot. a 


PROBLEM XXIX. 
To make the Sympathetick Powder. 


TH E Sympathetick Powder is nothing elfe but the 
Roman Vitriol calcin'd and reduced to a white 
light Powder, which is (aid to cure Wounds at a Di- 
ance, by being put upon a Linnen Cloth dip'd in the 
wounded Perſon's Blood, or upon a Sword, whereon 
b the Blood or Pus that comes out of the Wound. 
This Cloth or Sword is wrap'd up in a white Linnen 
Cloth, which is open d every Day, in order to ftrew 
lome freſh Powder upon the Blood or Pu of the 
Wound. This courſe they continue till the Wound is 
perfectly Cured, which happens the ſooner, if the 
Cloth upon which is che Blood and the Powder, is 
kept in a place that's neither too hot, nor too cold, 
nor roo moiſt, Nay, tis neceſſary ſometimes tp thifr 
the Cloth from place to place, according to the diffe- 
tent diſpoſitions of the Wound, by putting it for ex- 
* | | ample, 
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ample, in a cold place, when the Patient finds an ex. 
ceſſive heat in the Wound. 

To calcine the Vitriol for the Sympathetick Poy. 
der, rake ſome Roman Virriol, when the Sun is i 
the Sign of Leo, or in the Month of Fuly, diſfolve 
in Rain- Water, and filtrate the Water thro' finking pr. 
per. Then let the Water evaporate upon a gente 
Fire, and you'll find at the bottom the Vicriol in li 
tle hard Stones of a fire green Colour. Spread theſt 
Stones carefully, and expoſe em to the Rays of the 
Sun, ſtirring them often (with a Wooden Spatula; 
not an Iron Spatula, becauſe the Spirits of the Virrig 
are ready to joyn in with Iron, which would rob the 
Sympathetick Powder of its Volatil Spirits, in which 
all its Vertue conſiſts) that the Stones may he the 
better penetrated by the Sun, and calcined and r- 
duc'd to a Powder, which will be as white as Snow, 
And to render the Subſtance of the Vitriol more 
and homogeneous, the Diſſolution, Filtration, Coagu- 
lation and Calcination ought to be repeated three 
times. | 

This wonderful Powder muſt be carefully kept in 
a Vial cloſe ſtopt, and in a dry place, for the leaf 


. moiſture -, the Air may turn ir to Vitriol again, and 


ſo make ir Joſe irs Sympathetick Vertue. 

We are told that this Powder ſtops all Bleedings, 
and mitigates very much all ſorts of Pains in any pan 
of the Body, particularly rhe Toothach ; and that, 
by Application, not to the part affected, but to the 
Blood taken from it, and cover'd up in a Linen Cloth, 
as above. Rn 

The Chymiſts have another Calcination of Vitriol 


Colcothar of call'd Colcothar, which being put into the Noſe ſtops 


vitriol. 


a Bleeding at Noſe, and provokes to Sneeze ; being of 
ſoveraign uſe for rouzing the Senles, wherefore tis given 
in Lethargies. Tis alſo ſuccesfully us'd for dry- 


ing up Wounds and Ulcers. This Colcothar is only 


the Vitriol kept melted upon a Fire till all irs Humid- 
ty is eyaporated, and tis reduc'd to a hard reddiſh 
brown Maſs, whereby tis render'd fit for the cure of 
the foreſaid Maladies, and many others nor here to be 
mention d, 
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PROBLEM XXX. 


of the Magnetical Cure of Diſeaſes by Tranſplanta- 


tion. 
TH E Magnetick Cure by Tranſplantation, is, that 


eaſe ro ſome Beaſt, Tree, or Herb; and, as ſome 
will have it, is founded upon the efflux of the Morbi- 
fick Particles, which paſs by inſenſible Tranſpiration 
out of the Body of the Patient into another Animal 
or Plant, 

Froman informs us, that a young Student got rid of 

2 Malignant Fever by giving it to a Dog that lay in 
the Bed with him, and died of it; which if true, 
muſt needs proceed from the inſenſible Tranſpiration 
of the fubrile Matter, that rhereupon entred the pores 
of the Dog. 
Thomas Bartholin ſays, his Uncle was cur'd of a vio- 
lent Cholick by applying a Dog to his Belly, which 
was thereupon ſeiz d with it; and that his Maid-Ser- 
rant was cur'd of the Toothach by clapping the ſame 
Dog to her Cheek, and when the Dog was gone from 
her, he howI'd and made ſuch Morions, as gave em 
to know he had got the Maid's Toothach. 

Hoffman (peaks of a Man cur'd of the Gout by a 

Dog lying in the Bed with him, who thereupon was 
ſizd with it. And frequently after the Dog had fits 
of the Gout, as his Maſter had uſed ro have before. 
However this be, certain tis, that Dogs are often ſub- 
ect to the Gout, without any infection from Men; 
and this and the other Stories of Tranſplantation are 
not here offer d for Concluſive Proofs, but by way of 
Recreation. 
Mouſieur de Vallemont, who ſeems inclinable to be- 
lere Tranſplantation of Diſeaſes, ſays, tis done not 
only by inſenſible Tranſpiration, but likewiſe by Sweat, 
by Urine, by the Blood, by the Hair, or by taking up 
What falls from the Skin, upon a ſtrong Friction. For 
this he brings ſeveral Inſtances, and particularly that 
which follows. mo 


A 


which is performed by communicating the Diſ- 
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A Perſon of Quality in England uſed to cure the 
Jaundice at a great diſtance from the Patient, by mix. 
ing the Aſhes of Afh-wood with the Patient's Urine . 
and making of that Compoſition three, or ſeven, or 
nine little Balls, with a hole in each of 'em, in which 
he put a Leaf of Saffron, and then fill'd ir up with 
the ſame Urine. This done he hanged theſe Balls in 
a private place where no Body could touch them; 
and from that time the Diſeaſe began to abate. 

The Aſh, which is a common Tree all over Eur 
has merited the Appellation of the Vulnerary Wood, by 


of reaſon of its peculiar Property in curing ſeveral Dif. 


eaſes, and above all Wounds and Ulcers. Not 1 
mention the almoſt incredible Vertues aſcrib'd to ir 
tis ſaid to ſtop Bleeding at Noſe, if the Face be hut 
rubb'd with the Wood, and then waſh'd with fair 
VVarer, and if the Patient holds in the hand of that 
fide where the Bleeding is, a piece of the Wood till 
it heats his Hand. 


PROBLEM XXXL 


To ſtop a Bleeding at Noſe, or at any other part of the 

Body. 

FAcber Schott the Jeſuir ſays, that to ſtop a ny 
at the Noſe, you need only to hold to the Noſe 
the Dung of an Aſs very hot, wrap'd up in an Hand- 
kerchief, upon the plea that the Smell will preſently 
ſtop it. Mecher did the ſame with Hogs Dung very 
hor done up in fine Taffera, and pur into the Nole. 

I have ca times experienced, that a' piece of 
red Coral held in the Mouth, will ſtop a — at 
the Noſe. Some tell you that the Conſtriction of the 
Thumb of the fide of the Noſtril that bleeds, will do 
the buſineſs. 

To ſtop the bleeding of a Wound, take a Linnen 
Cloth in the Spring when the Frogs lay their Eggs in 
the — 1 and 3 it in _ Water till = is we 4 

gnated with the Frogs Eggs; then dry it at the 
daa ; and after repeating this Impregnation and De- 
ſiccation three or four times, keep the Cloth to be 
applied to the Wound twice in the form of a Cata- 


plaſm. 
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* We ate told the ſecond Application will 


PROBLEM XXII. 


To prepare an Ointment that will cure a Wound at a Di- 
ſtance. 


TH E Ointment mention'd by Paracelſus is prepar'd 

thus, according ro Goclenius. Take of the Uſnea 
or Moſs of the Scull of a Man that was hang d, two 
Ounces; Mummy, Human Blood , of each half an 
Ounce ; Earth-worms waſh'd in Water or Wine, and 
dried, two Ounces and a half; Human Fat, two 
Ounces ; the fat of a wild Boar, and the far of a 
Bear, of each half an Ounce ; Oil of Linſeed and 
Oil of Turpentine, of each rwo Drams. 

John Baptiſt Porta preſcribes it a little otherwiſe by 
throwing in ſome Bole Armeniack, and leaving our 
the Earthworms, and the Bears and Boars fat. But 
let the Compoſition be which ir will, ir muſt be well 
mix d and beat in a Mortar, and kept in a long narrew 
Vial. Some ſay, it ſhould be made when the Sun is 
in Libra. The way of uſing it is this. 

Put into the Ointment the Weapon or Inſtrument 
that gave the Wound, and leave it there; then let 
the Patient waſh his Wound every Morning with his 
own Urine, and apply nothing elſe to it; after tis 
well waſh'd and cleanſed, ler him tie it up tight with 
a clean white Linen Cloth, and he'll find *rwill heal 
without any Pain. 

Monſieur Valemont ſays, if you can't get the In- 
ſtrument with which the Wound was given, you may 
take another, which if gently convey'd into the Wound, 
and impregnared with the Blood and Animal Spirits 
reliding there, will have the ſame effect. He adds, 
that if you want a ſpeedy Cure, you muſt anoint the 
Inſtrument often, otherwiſe you may let it lie a day 
or two without touching it. 

The effect of this Unguent he imputes to the ſubtle 
Particles, which are theſe little Agents that diſengage 
themſelves from the moſt ſpirituous and tranſpirable 
logredients of which this Unguent is compos d. =» 
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To add re the Credibility of irs Operation, he 
quotes Father Lana, who obſerv'd that when the Vines 


in France were in Flower, the Wines in Germany, tho 
at a great Diſtance, ſuffer an Efferveſcence; which he 


explain d by the effluvium's of the Subtile Matter, 
making thele to reach as far as the Stars, and alledg- 
ing that if the Atoms, which tranſpire from the Ter- 
reſtrial Globe, were not carried to the Stars, and ſent 
back from the Stars to the Earth by a perpetual Flux 
and Reflux, there would be no Phyſical Commerce be- 
tween the Heavens and the Earth. | 


PROBLEM XXII. 


When an Object appears confuſedly by being too near the 
Eye, to gain a diſtin view of it, without changing 
the place either of the Eye or the Object. 


'J Akea Leaf of Paper, or a very thin Card, make 

a hole in it with a Pin, as we ule to do in view- 
ing an Eclipſe of the Sun to hinder the too great 
numerouſneſs of the Rays from offending the Eyes; 
and the Object tho ſo near your Eye will appear very 
diſtinctly; for then the Eye receives a leſſer quantity 
of Rays from each Point of the Object, and ſo each 
point of the Object depicts its Repreſenration in the 
bottom of the Eye only in a narrow Compals, and 
thus it is that two Images coming from two adjacent 
Points are not confuſed. P 


PROBLEM XXXIV. 
Of the Origin of Springs and Rivers. 


ITI S a hard matter to do Juſtice to this Subject, in 
the way of Demonſtration ; however I ſhall give 
you the divers Sentiments of Authors about it. 

* Ariſtotle attributes the Origin of Springs to the Va- 
pours of the Earth, which mounting upwards, are 
ſtop'd in the Caverns of Rocks and Mountains form d 
as it were into a Vault, waere ſticking to the Top, as 
in the Head of an Alembick, they are increas d by the 

ac 
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acceſs of others till they're reduc'd to little drops of 
Warer, as upon the lid of a Pot in which Water is 
boiling, and falling thence run down forcing their 
Paſſage. id 

Thoſe who reject this Opinion, ſay, tis not proba- 
ble that the Earth could contain ſo many Vapours, as 
to furniſh Water for ſo great a number of Springs and 
vaſt Rivers. But to this, one may reply, that the 
Springs and Rivers are kept up and increaſed by the 
Rain and melted Snow, which penetrating into the 
Pores of the Earth, and Clefts of Rocks, gather into = 
a ſort of Ciſterns or Heads, from whence they after- | 
wards repair by Subterraneous Paſſages to the ſurface 
of the Earth, and there (ſpread themſelves. 

Some may object with Father Kzrcher, that ſome 
Mountains have Springs and yet no Rain ; as Mount 
Gilboa according to the ſacred Text, and others both 
in and without the Torrid Zone. But I anſwer, 
that when the Ground hath nor Vapours enough to pro- 
e duce Springs, they may come from afar by Subter- 
'- WH rancous Paſſages to the higheſt Places, ſuch being the 
t nature of Water, that twill rife a'moſt as high as it 
'3 Wh deſcends. | : 1 
J I can't joyn with thoſe who aſcribe the Origin of 
Y WH Springs to the Waters of the Sea, copveyed by hidden 
ch Veins to the boſom of the Mountains, and to all the 
be parts where we find Sources: For as tis the nature 
id of Water, and of all liquid Bodies to deſcend and re- 
"t pair to the loweſt Stations, ſo the Sea in which moſt 
Rivers diſembogue muſt be the lower Station, and 
conſequently the reaſcenſion ot Water upon the Earth 
and the Mountains, would be contrary to the nature of 
heavy Bodies. | | 

I believe indeed, there are ſeveral accidental Cau- 
ſes, that may make ir riſe, ſuch as the Flux and Re- 
flux of the Sea; bur I do not think that can do much, 


in or force it to the top of the higheſt Mountains. Fa- 
we cher Caſati imagines a Central ſire in the Earth, which 
gs boils the Sea-water in its Abyſſes, and ſo forms it into 


Vapours; but that I think is uſeleſs, it being high- 

F ly probable, that the Sun has force enough without it 
* to attract Vapours. ; 

2 on offer d by ſome 3 ws! 1 of 

the Opinion aſcribing the Origin of Springs to the 

cels - . Ff Sea, 
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Sea, Thar if the Sea did not furniſh Water to all the 
Springs, the greateſt part of which are never dry, the 
Rivers which are a Collection of the Waters of 
Springs, would (well the Sea beyond its limits, which 
is contrary to Experience, Bur to this I anſwer, that 
the Water of all the Rivers is inconſiderable in reſpect 
of the wide Sea, that covers more than half the Sur. 
face of the Earth: Beſides that the Water which runs 
upon the Earth, is in part imbib'd by the Earth, and 
continually reduced to Vapours; ſo that the Remain- 
der of Water that flows into the Sea, ſupplies in a 
manner the place of the Vapours that aſcend from 
it. 

Thus you ſee that ſeveral Cauſes contribute to the 
Origin of Springs and Rivers; the Principal of which 
ſeems to be the quantity of Vapours ſo powerfully at- 
tracted by the Sun, not only from the Waters that 
run in open Channels upon the Surface of the Earth, 
but likewiſe from thoſe that lie conceal'd in the Boſom 
of the Mountains, and the Bowels of the Earth. 

Thoſe who attribute the Origin of Springs on the 
tops of Mountains to Subterranean Fires, may al- 
ledge in Vindication of their Opinion, the following 


Experiment; by which we fee, that, the Dilatation 


caus'd by the heat, makes a Liquor ſpout out of 2 
Tube of Glaſs in ſuch a manner, that it will produce 
an agreeable and curious Fountain. 


: 
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Take à Tube of Glaſs that's omewhar flender, and 


the Cur ; 

end of which there's a Glaſs Bottle 1 1 7 
may convey Water or any other Liquor by the other 
Extremity B, by heating the Air contain'd in the 
Tube, ſo as to make as much go our as is poſſible, 


turn'd with windings as this in 


1 2 oF R 
— 


r 


—. 


ind dipping the other Extremity B in the Liquor,whicti 
will enter the Tube as the Air within con- 
denſates and takes up leſſer room. Then heat this 
Bottle A, ſo that the Rarefaction may be greater than 
it was before, and you'll ſee the Water aſcend and 
ſpont like a Foufttain out at the upper end B. 
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PROBLEM XXXV. 
To know in what parts of the Earth, Sources of Water 


lie. ; 


T! S neceſſary for the conveniency of Life to have 
good Water, and conſequently we can't be too 
diligent in learning to find out the places where the 
Sources of Waters are, in order to dig Wells or Pits 
for the Accommodation of Mankind, I ſhall there- 
fore imploy this Chapter in laying before you the beſt 
Methods uſed by the Ancients and the Moderns, for 
2 the Veins of Water that lie hidden in the 
rth. 

Pliny ſays, that to know if there be a Vein of Wa- 
ter under the Ground, you muſt have a particular Eye 
upon the places where you find moiſt Vapours and 
Exhalations ; and in making this Obſervation, ſays 
Palladius, you ranſt take care that the place where the 
Vapours riſe be not moiſt in the Surface; for if tis 
not, yap ſafely attribute the hnmid Vapours to Sub- 
terranean Sources of Water. This Experiment you 
had beſt make in Auguſt, when the Pores of the 
Earth are open, and give a freer paſſage to the Va- 

urs. 

2 to make this Obſervation with all the certainty 
and ſacility that's poſſible, Father Kircher (in imitati- 
on of Vitruvius) adviſes to lie down with your Belly 
to tie Ground, a little before Sunriſe, and to beat 
upon your Chin with your Hand refting upon the 
Ground, that ſo your Sight may extend to the levelof 
the Country, and the Eye being rais'd only to a juſt 
Height, may view the ſurface of the Ground by Vi- 


ſual Rays that graze upon the Horizon, and - eafily * 


"diſcern the places from whence moiſt, waving and 
trembling Vapours do ariſe ; for in theſe places youll 
infallibly find Veins of Water, there being no ſuch 
Vapours oblery'd upon the Grounds that are deſtitute 
of Water. 
Vitruvius, and after him Dechales, agquaints us, that 
on which have Veins of Water conceal'd in the 
wels of the Earth, are diftinguiſh'd by rae ſponta- 
4 : neous 
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neous growth of Ruff, Willows, Alder-trees, Roſe- 
buſtes, Ivy, and ſuch other Aquatick Plants, that are 
not planted there by Art, but come naturally. Ano- 
ther fign, is the Frogs when they begin 90 brood, 
which preſs down the Earth ſo much as to draw up the 
Humidity ; which doubtleſs proceeds from the Vapours 
that continually ariſe from the Veins of Water hid un- 
der thoſe parts, and which reveals as it were what Na- 
ture affected to keep ſecret. 5 

Another Contrivance for the diſcovery of Water, 
recommended by Vitruvius, and uſed by the Ancients, 
is this. Dig a Ditch three Foot broad, and five Foot 
deep, where you ſuſpect there may be Water; ar Sun- 
ſer place in the bottom of the Ditch a Braſs or Lead 
Veſſel or Baſin, inverted or turn'd with its Cavity 
downwards, and rub'd with Oil on the inſide ; cover 
this Veſſel and the whole Ditch with Reeds and Leaves, 
and afterwards with Earth: And the next day if you 
find drops of Water hanging upon the inſide of the 
VellelWris a fign of Water. a 

Inſtead of a Veſſel or Baſin of Metal, you may put 


in the Dirch an Earthen Veſſel not bak d, without 


rubbing it with Oil, or covering it wich Reeds, Leaves 
or Earth; and next Morning if you find ir ſoft with 
moiſture, you may conclude there's Water underneath : 
And if inftead of this Earrhen Veſſel, you pur in 
Wool, and next Morning you can expreſs Water from 
the Wool, you may conclude there's a great deal of 
Water underneath. | 

Father Kircher ſhews us an admirable way of find- 
ind out Water, having by his own Experience found 
the happy ſucceſs of it. He orders it to be tried in 
the Morning when the Vapours are plentiful, and not 
yer waſted by the heat of the Sun. He rakes a ſmall 
Stick of two pieces of Wood joyn'd together, on the 
extremities being Alder or ſome ſuch Wood that rea- 
dily imbibes the Moiſture; and having hung this Rod 
or Needle (not unlike the Needle of a Compaſs) by 
ts Center of Gravity upon a Pivot, ſo as ro make 


it hang in Æquilibrio, he carries it thus hung, or elſe 


ſuſpended with a Thread, to the place where he ſuf- 
Water ;, and if there be any there, rhe Rod will 
be put from its Æguilibrium by the Vapours penetra- 


ing the Alder extremity, and making it incline to the 
IM Re * F p Ground. 
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Ground. This be calls bis Mere Divinatoire, or 
Divining Rod. | 
Of the Divi- But now adays, we underſtand by a Baguette Divi- 
uing or Con- natoire, a ſmall forked Branch of light Wood, com- 
— 52 monly of Hazelwood, which ſeveral have made uſe 
dune Divi- Of to very good purpoſe in diſcovering not only the 
nate. Sources of Water, but likewiſe rhe moſt noble Me- 
tals, which are now the bond of Society ; and, as 
"ris ſaid, even Robbers and Murderers, of which we 
had a notable Inſtance in 1693, in one Fames Aymar 
of Dauphiny, who purſued a Murderer 45 Leagues, 
and found him out by this Rod; and when he came 
to Paris, he gave ſeveral Proofs of his Dexterity in 
making uſe of the Rod, by the diſcovery of Water, 
Metals, and hidden Treaſures. | 
Plate 24. He takes a forked Branch of any ſort of Wood, 
Fig-77- ſuch as ABCD, and holds the two Prongs with his 
two Hands, but do's not graſp em hard. He holds 
them ſo, that the back of his Hands are rurn'd to the 
Ground, the Point CD goes foremoſt, and Rod 
or Stick is a'moſt parallel to the Horizon. In this fa- 
ſhion he walks ſoftly along; and when he paſſes any 
place where there's Water, or Mines, or Silver hid, 
the Rod turns in his Hands and bends downwards; 
and the ſame thing happens in holding it over ſtolen 
Goods, and following the track of Robbers and Cri- 
minals, whom he eafily diſtinguiſhes from the Inno- 
cent, for when he puts his foot upon one of theirs, 
the Rod turns towards the Criminal. Sometimes he 
makes ule of a ſtraight Stick, and holds it upon 
Plate 24 bis fingers with his two Hands at ſome diſtance, as you 
Fig. 79- fee in Plate 24. Fig. 79. | 
| As all Perſons are not of the ſame Temperament, 
ſo this Divining Rod do's not ſucceed equally with all, 
for a great many have uſed it without Succeſs, as be- 
ing deſtitute of that gift of Nature. Kzrcher, and 
Schott and Dechales, do all ſpeak of it as a thing fre- 
quently experienced; tho every one is not capable oſ 
making the Experiment; and the laſt of the three (a5, 
tis abſolutely the eaſieſt and moſt certain means je. 
tried for the diſcovery of Water. 2 
Plate 24. Some take a long ſtraight and ſmooth ſhoot of Ha- 
Fig: % rel, or any other Wood, ſuch as AB, and hold it by 
D the two ends bending a little Archwiſe, and 0 
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parallel to the Horizon that it may turn more readily to 
the Ground, when it paſſes over a Source of Water. 5 
Father Kircher has ſeen the Germans practiſe this ptae 24. 
iece of Divination another way. He ſays, they cut Fig: 81. 
a ſmall Hazel Stick, ſuch as AC, CB, into two almoſt 
equal Parts; making the end of the one hollow, and 
cutting the other to a Point, and ſo inchaſing the one 
in the other. The Stick or Shoot thus uſed muſt be 
very ſtraight, and without Knots. They carry it be- 
fore them between the tops of the fore- fingers of each 
Hand, as you ſee in the Figure; and when they paſs over 
Veins of Water or of Metal, the Shoot moves and 


| bends. 


Some make uſe (as we are told) of a forked Rod 
a Foot long, holding it upon the extended palm of 


7 le,. 
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their Hand, as AB. Others lay it in Æguilibrio up- 
on the back of their Hand, as CD, chat it may 


move with more facility when they paſs over a Spring 
of Water. 

Tho” the Modern Authors abovemention'd take this gegars,) | 
Divining Rod to be a new thing, yet tis certain the | 
Ancients ſpoke of it, and gave it different Names. 

Neubuſius call'd it Virga Divina, and Varro ſeems to 
have meant ſome ſuch thing, by entituling one of his 
Satyrs Virguls Divina. Peter Belon call'd it Caducews ; 
Willenus, Virga Mercurii, and Agricola the inchanted 

— | — 
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Rod; ſome have call d it Aaron's Rod, others 'Facob'; 
Stick, others Maſes's Rod, with which he brought Wa- 
ter out of the Rock; and Cicero in his Offices ſpeaks 
to his Son of a Divine Rod. r 
Some ſay this Divining Rod turns likewiſe to a Load- 
ſtone ; others that it turns to the Bones of dead Corps, 
and has been uſed with Succeſs, in diſtinguiſhing che 
Bones of Canoniz d Saints from thoſe of others. 
Several other things are ſaid of it, which I ſtall 
not here mention, becauſe they ſeem incredible. 1 
leave every oneto their own Experience ; for my own 
part I ncer try d it, and ſo can neither retute, nor 


0 


. vouch for the truth of what is ſaid of it. 


PROBLEM XXXVI 


| To diſtinguiſh thoſe parts of the Earth, in which are 


Mines or hidden Treaſures. 


T Tthour inſiſting further upon the Vertues of the 

. Divining Rod in turning upon Metals and Trea- 
ſures ; we ſhall obſerve in the firſt place, that the 
Mountains which contain Mines, do generally fill the 


9 715 Air with Fumes and Exhalations, ſuch as the Work- 


men meet with in Mines, who find em a'moſt always 


very Malignant. Pliny ſays, there riſes a Vapour from 


the Silver Mines, that's -unſufferable to all Animals, 
and eſpecially ro Dogs. 

Theſe Vapours and Exhalations, which contribute to 
the Generation of Metals and Minerals, are caus d, 
without doubt, not by the heat of the Sun, which, in my 
Opinion, can't penetrate ſo far (there being ſome 
found 500 Cubits deep) but by the hear of the Sub- 
terranean Fires, of the exiſtence of which we have 
no room to doubt, ſince we ſee Mountains and other 
places of the Earth vomit up Flames and Aſhes. To 
convince us that theſe Vapours proceed from Subter- 
ranean Fires, rather than from the hear of the Sun, 
we need only to conſult thoſe who work in the Mines, 
who aſſure us, that the deeper they penetrate into the 
Earth, the more ſenſibly they feel 12 heat that iſſues 


from its Bowels, and to all appearance is the eſſect of 


dabterranean Fires; inſomuch that they can't oe 
ö „„ 
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but ſtark naked at the bottom of rhe Mine-Pirs. They 
tell you, that ſometimes there riſe ſuch Mineral Va- 
pours as pur out their Lamps, and would ſtifle them- 
ſelves if they did nor ſpeedily retire. To remedy 
this Inconveniency, they have long Pipes which ſuck 
the Malignant Air from the bottom of the Mines, and 
ſo give place for that which is purer and wholſomer. 
Aoricola, in his Book de re Metallica, deſcribes ſeveral 
other Contrivances for rhe ſame purpoſe, which we 
leave the Curious ro Conſult. fp 
Beſides this Heat that's obſerv'd at all times in the 
Abyſſes of the Earth, we have intimation of the Sub- 
terranean Fires from the hot Springs, and the boiling 
Springs, ſuch as that at Grenoble, which from time to 
time throws out Flames, eſpecially when it Rains, 
or is about to Rain; as well as from the burning 


Mountains, ſuch as Mount Etna in Sicily, Mount Ve- 


ſuvius in Campania, Mount Hecla in Mandia, that in 
Guatimala in America, and others in Perou, in the Mol- 
luca Iſlands, and in the Philippine Iſlands. And theſe 
Subterranean Fires I take to be the cauſe of the thick 
Vapours or Smoak that I have oftentimes ſeen riſe in 
the Winter time from the Caverns of the Alps ; and 
which are ſometimes ſeen by Mariners, as rifing from 
the bottom of the Sea, and preſaging the ſpeedy rife 
of Winds and Storms, 


441 


As Fumes and Exhalations are one fign by which parrenne 
the Mineral Philoſophers diſtinguiſh the places that of the Earth 
are ſtored with Mines; ſo another diſtinguiſhing ſign cher. 


is the Barrenneſs of ſome Places, which produce nei- 
ther Trees nor Plants ; for doubtleſs thar proceeds 
from the dry and hot Vapours or Fumes, which ſcorch 
and dry up the Roots of rhe Plants and Trees, and ſo 


kill 'em. For the ſame end, we take notice of the AloroSnow 


places upon Which Snow do's not +; 
we obſerve no Hoar-froſt, for the 
ranean Vapours ariſing from the Mines melts the Snow 
in a little time, and keeps off the Froſt. 


ong, or where nor Hoc 
froſt, 
of the Subter- 


\. Tis well known that Hungary abounds with Gold Several o:her 
and Silver Mines, as well as thoſe of Iron and Steel; Marks. 


and that the Gold Mines throw our very thick or 
groſs Vapours, which are ſometimes ſo Malignant, 
that in a little time they ſuffocate the Workmen. 
Now, thoſe who have travel'd into Hungary on pur” 
1810 e 2 | pole 
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poſe to ſee the Golden Mines, inform us, that the 
Leaves of the Trees in thoſe parts are oftentimes co- 
ver'd with a Gold colour, owing to the Exhalationg, 
Alexander ab Alexandro ſays, that in Germany they 
have found over the Gold Mines the Vine-leaves all 
over gilded, and ſome even pure Gold, which may 
ariſe from the inſinuation of the Metallick humoyr 
into the Root of the Vine, which being very Porous, 
may have drawn up in the Intervals of its Fibres ſuit- 
able Nouriſhment, Thus we've known by Experi- 
ence, that Metals Vegetate, and ſometimes have ti. 
ſen up in Trees, with Trunks, Roots, and Branches. 

Tis ſaid, that if you carry a lighted Candle of Hy. 
man Greaſe to a place where Treaſure is hid, twill 
diſcover the Treaſure by irs continual noiſe, and by 
going out when it comes very near it: And Father 
Tylkowski a Poliſh Jeſuit, aſſures us, that, when Va- 
pours are ſeen to riſe upon a Mountain at Suns: riſe, 
when the Air is clear and ſerene in April or My, 
— a ſign that the Mountain contains a Quick-filyer 

ine. 

With Reference to what I mention'd but now, the 
ſpeedy melting of the Snow, and there being no Hoar- 
froſt upon the places that cover Mines; I call to 
mind, what Vallemont ſays in his Occult Philoſophy, 
that the Soldiers when they go into Winter Quarters, 
are not ignorant of that Sign; for they obſerve nat- 
rowly.in the Garden or Orchard, ſuch places as bear 
no Snow nor Hoar-froſt, in order to ſee if the Land- 
lord has not hid ſome Treaſure there; for they con- 
clade that the Earth of ſuch parts has been lately 
ftir'd or dig'd up, and ſo being more Porous, gives a 
freer paſſage to the Exhalations, which crauding thi- 
ther melt the Snow and the -Hoar-froft. | 

The ſaid Auijhor Monſieur Vallemont has ſeveral 
other marks OMines in the Bowels of the Earth, 


One is the finding of pieces of Oar or Metal upon the 


Ground; by which means the rich Mine of Kuttem- 
berg in Bohemia was diſcover'd by a Monk, who ob- 
ſerving by chance, as he walk'd in a Wood, a ſmall 
Stalk (as 'rwere) of Silver ſhooting out of the Earl, 
very gravely left his Habit upon the Spot, that he 
might know it again, and ſo run back to acquaint the 


Convent. 
| Anothe! 


Another Ggn 
and Trees round a place have but little Vigour, and“ 
their Leaves are ſpeckled with different Spors, their 
Green being not very bright. 

Again, When the Foot of a Fountain points to the 


North, and its Head to the South, it oftentimes has 
Silver Mines. which uſualy run from Eaſt to Weſt. 


A fourth ſign given in by Mr. de Vallemont, is taken 
from the Colour of the Earth, and the Stones. If the Tae 


Earth be Green, tis the ſign of a Copper Mine; if 
Black, it promiſes Gold and Silver; if Gray, we ex- 
pect from it Iron and Lead. 

His fifth ſign is the Barrenneſs of the Earth men- 
tion'd above; upon which Head he adds, that perhaps 
Fob alluded to ir, when he (aid, that no Fowl! know- 
eth the Ground where Precious Stones are, and the 
Vultur's Eye hath not ſeen it, Fob 28. 


Again, if the Stones or Earth of any Place are hea- weight of 


vier than uſually, it gives us ground to ſuſpect that the Earth. 
Metals are there. 

In a ſeventh Place, we muſt mind the Springs that 
flow by the foot of Mountains; for not only their 
Colour and Smell ſerve to inform us, but even the 
Channel of ſuch Water do's always bear ſome Grains, 
and other Veſtiges of Metals. Agricola ſays, the In- 
habitants of Navarre took out of the bottom of their 
wells a ſort of Earth loaded with Gold, which gave 
em to think, that there were Rich Gold Mines in that 
part of France. Agricola de re Metallica, lib. 2. 

Mr. De Vallemont, informs us further, that ſome few sympethy 
Plants which bear a Sympathy and Analogy to Metals, between 
grow commonly over. Mines, and ſuch — — gg 
Tree-Ivy, the Fig-tree, Wild Pine-trees, and moſt of * ; 
the Plants that are pointed and prickly. 

The laſt fign he mentions, is, the Exhalations of 
Vapours round the top of a Mountain. 

'Tis a certain Truth chat we do not always light on remark; 
the ſecrets of Nature, when we hunt for em; Chance 
bas the greateſt hand in moſt Diſcoveries, particular- 
ly thoſe of Mines; thus, Mines have been diſcovered 
by the Wind blowing up Trees by the Roots, by a 

lorſe's foot ſtriking againſt the Ground, by Hogs 
grubbing up the Earth; and Diodoru Siculus ſays, 
ä F the 
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of Mines, which is reckon'd pretty Plants ſpeck- 
ſure, is, if towards the end of the Spring the Plants led. and not 
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the Mines in Spain were diſcover'd by a Foreft raking 


fire Accidentally ; and Athenews-ſays, very rich Silver 
Mines were diſcoyer'd in Gaul, by an accidental fire 
in the Woods, which melted the Silver ſo as to make 


it run in Brooks. Near Fribourg in upper Saxony, 


Silver Mines were diſcover'd by great Rains waſhing 


away the Earth that cover'd the Minerals ; and the like 
Diſcovery has been made elſewhere by the fall of Snow, 
by Thunderbolts and Earghquakes , tearing Rocks 
from the tops of Mountains. Tis faid, than in the 
Country call'd /a Brie in France, a Gold Mine was 
lately diſcover'd in tilling the Ground, which the 
French King has order'd to be incloſed ; and Fuſtin 
ſays the like of Galicia, but the Gold of that Country 
is not now much minded, by reaſon of its being blen- 
ded with other Metals, that are hard to be ſeparated 
and refined. 


PROBLEM XXXVII. 


To meaſure at all times the dryneſs and humidity of the 
"—_— | 


AS the Thermometer ſpoken of in Probl. 6. of the 

* Mechanicks, meaſures the Degrees of Cold and 
Hear, and the Barometer thoſe of the weight of the Air; 
ſo we make ule of a Machine call'd an Hygrometer or 
Hyproſcope to meaſure the dryneſs or humidity of the 
Air; for certain it is, that the Air is more or leſs moiſt, 
as tis more or leſs ſtock d with Vapours. Now, fince 
Fir-wood is extreamly ſuſceptible of dryneſs or moi- 
ſture, ir ſeems to be the moſt proper for a Hygrometer, 
or for diſcovering the leaſt change in the Air, as to dry- 
neſs and moiſture. 5 

The firſt Hygrometer we ſhall here mention, was in- 
vented in England, and is compos d of two very thin 
boards of Fir, in the middle of one of which is a 
Needle like the Hand of a Watch, made faſt to the Cen- 
tre of a Circle divided into ſeveral equal Parts, which 
Teer. the Degrees of the Moiſture or Dryneſs 
of the Air, pointed to by the Needle as it moves round 
its Center by vertue of the two Fir-Planks, which 
1 | | move 
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move in two Grooves, according as they ſwell or ſhrink 
chro the moiſture or dryneſs of the Air. X 
Another Hygrometer made in England, and more The ſecond 
efteem'd than the former, is this. They take the Hygrometer. | 
Beard of a green Ear of Barley, and twiſt it round {© + 
a Pin ſuch as AB, rais'd perpendicularly upon the my | 
bottom of a round Box, like that of a Compaſs, as 
CD, the upper Circumference of which is divided i + 
to equal Parts, commonly 60. This Pivot or Pin AB | 
isas high as the Box CD, to the end that the lighr 
Needle EF which they clap upon the Point B, where 
the Beard terminates in a Hole made in the middle 
of the Needle, may appear above upon the lid of the 
Box, and mark upon its ſide how many Degrees the 
Air is dryer or moiſter than 'rwas the day before, in 
moving round the Point B, as the Beard twiſts or 
untwiſts, in proportion to the greater or leſſer dryneſs 
of the Air: Mr. de Vallemont ſays, the moiſture turns 
the Beard from Eaſt ro Weſt by the way of the South, 
and the dryneſs from Eaſt ro Weſt by the North. 
At the Emperor's Court, we meet with another Hy- Achird Hy- 
ometer made thus, Chooſe a Room that's not very grometer. 
rge, to avoid the too great agitation of the Air, Plate 26 
and with a String or Rope AB, hang up in it a round Hs 78. 
flat piece of Wood, CD, by its Center of Gravity B, 
ſo that it may hang Horizontally, and always in 
Aquilibrio round the Point B. This piece of Wood or 
Cylinder CD, muſt be about half a Foot broad, and 
almoſt as thick as one's Finger, and its Circumference 
muſt be divided into 6 equal Parts, mark'd all round 
| upon the thickneſs, ro denote the Degrees of the dry- 
nels and moiſture of the Air, eaſily diſtinguiſh'd by 
the Finger of a Hand, as EF fix'd near to it, for 
then the Cylinder CD will turn round the Point 
B to the Right or to the Left, according as the Air is 
moiſter or dryer. 
To avoid the inconveniency of the continual agita- 
tion of the Air in a large Room, the leaſt Motion be- 
ing capable to turn the Cylinder CD, while tis ſuſ- 
pended by irs Center of Gravity B; you may cover 
the Cylinder with a Glaſs Bell perforated above, 10 
as to give paſſage to the String AB, and ro ſuffer it to 
move without any hindrance; for then you may ſee 
the Alterations of the Air thro the Glaſs. * x 
i e 
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The Ingenious Mr. Richard informs me, he has uſed 
this Hygrometer with great Satisfaction; only inſtead 
of a common String, be takes a String of Catgut, as 
AB, and hangs it in a hollow Glaſs Cylinder with a 
Foot to it, and a little perforated Cupola ; to the 
lower end of the String B, he ties an Artificial Bird 


which by turning to the Right or Left, as the ok t 


untwiſts by the moiſture, or retwiſts by the dryn h 
of the Air, ſhews the Degrees of that moiſture or dy- 
neſs, upon equal diviſions made upon the Ci * 
rence of the Cylinder. te 


The fourth Another Hygrometer as eaſie as the former is made tt 
Hygrometer. in Germany, of a String of a Catgut ABC, made fat tt 


at irs two Exttemities A and C, and loaded in the 

the middle with a ſmall Weight F, tied with a T 

to B, which lowers the String ABC more or eb Wh n 
1 ES a according, 


. > „ io r_ 
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according to the degrees of the dryneſs of moiſture of | 


the Air, reckon'd upon the perpendicular Plain DE 
divided into equal Parts, which Divifions the Point B 
touches in riſing or falling according to the moiſture 
or dryneſs of the Air; for we know by daily Expe- 
rience, that when the Air is moiſt, the watry Va- 

urs infinuate themſelves eafily into a String, and 
Fell and ſhorren it, which makes the String ABC draw 
in and raiſe the weight F, as the Air grows moi- 
ſer, pn” bh 

Inſtead of a Gutſtring you may take a piece of 
Packthread, which indeed ſeems to be more ſuſcep- 
tible of Moiſture ; for Moiſture eaſily inſinuates into 
all Porous Bodies, and above all, into the Strings that 
ſhorren ſenſibly upon the acceſſion of the leaft 6 


ſture. Thus, we find, that when Sixtus V. up 
the great Obelisk of the Vatican, the Cables Being 
made longer by that huge Weight, which weigh'd 
one Million fix Thouſand forty eight Pound, he or- 
der'd the Cables to be ſoak'd, upon which they ſhrunk 
ſo, that they ſer that huge Maſs upon its Baſe, as it 
now ſtands. 

Theſe moiſt Vapours do likewiſe inſinuate readily 
into Wood, eſpecially that which is light and dry, 
as being extream porous; inſomuch that they are 
ſometimes made uſe of for dilating and breaking the 
hardeft Bodies, particularly, Mill-ſtones ; for when a 
Rock is cut into a Cylinder, they divide that into ſe- 


weral leſſer Cylinders, by making ſeveral Holes 


round the great Cylinder at diſtances proportional to 
the defign'd thickneſs of the Millftones ; and filling 
them with as many pieces of Sallow Wood dried in 
an Oven; for when wet weather comes, theſe Wedges 
or pieces of Wood ate ſo impregnated with the moiſt 
228 in the Air, that they ſwell and break, 
* eparate the Cylindrical Rock into ſeveral Mill- 
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es. | 
The Humidity of the Air inſinuates ir ſelf not only gigh wygro- 


into Wood, but likewiſe into the hardeſt Bodies meter. 


which are not deſtitute of Pores, and eſpecially into 
the light Bodies, which take up a great Space; and 
hence tis, that Mr, Paſcal in his Treatite of the Æqui- 
librium of Liquors ſays, that, if a pair of Scales con- 
umues in Æęuilibrio, when loaded with two equal 

- Weights, 
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Weights, one of which is of a more voluminons Sub- 
ſtance than the other, as Cotton or any Body ofa ff b 
leſſer Specifick Gravity, the Ballance will depart from r 
its TOP. and incline to that more voluminous 

2 


v 
Weight, when the Air is ſtuff'd with Vapours ; for 0 
the watry Particles, with which the Air is loaded, will 4 
inſinuate themſelves more readily into this, than into b 
7 the other Weight, which being leſs Voluminous, muſt . 
needs have leſſer Pores. ] 


Bur of all the Bodies that are apr ro imbibe the 
moiſture of the Air, I know none more ſuch, than 0 
the Salt af any hot Plant, or Saltpetre well calcin d, n 
which upon the leaſt moiſture of the Air, melts rea- \ 
| dily into Water, ſo as to weigh three or four times t 
h as before. For this 1s the common quality d 


as 

of en all Salts, that they are eaſily impregnated 

with the Bodies contain d in the Air; and according - 
ly when the Salt at a Table is moiſter than ordinary, 

3 we take ir for a certain Sign of approaching Rain, as 
denoting that the Air is loaded with moiſt Vapours, 
which will quickly diffolve into Rain. 

So, if you want a good Hygroſcope, puta certain \ 
quantity of Saltpetre well calcin'd into one Scale of 
a juſt Ballance, and an equal weight of Lead drops 
into the other, ſo as to make the Scales hang perfectly 
in Æquilibrio; then add to the Center of the Motion 
of the Ballance, a ſmall Circle divided into equal 1 
Parts, repreſenting the Degrees of the dryneſs cr moi- q 
ſture of the Air, which the tongue of che Ballance 
will point to as the Air grows moiſter or dryer, for - 
the moiſter the Air grows, the more will the Lead riſe. Wh 

b 
C 
tu 
L 


Sixth Hy- Another way of ufing Gutſtring for Hygrometers, 
grometer. is this; Tune a Lute or any other String-Inſtrument, 
to the tune of a Flute or a Flageolet, which art lels 
liable to the alterations of Weather; and while the 
Air continues in the ſame Temperature, you'll find 
the Inſtruments keep in Tune; bur when the Air 
grows drier, the String ſounds ſharper, and more up- 
on the Baſs when the Air is moiſter. 
Remark, The variety of Hygrometers is infinite ; you may 
invent as many as you will ; for the very hardeſt and 
ſolideſt Wood will (well by the moiſture of the Air, 
as appears by the difficulty of ſhutting our Doors and il |, 
Windows in wet Weather, | Ah 
a), 


„ 
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Nay, the very Body of all Animals and Vegeta- 
bles, is, as 'twere, a Contexture of Hygrometers, Ba- 
rometers, and Thermometers; for the Humours with 
which the Organiz d Bodies are repleniſh'd, increaſe 
or decreaſe according to the different Diſpoſitions of 
the Air; and Plants are compos'd of an infinite num- 
ber of Fibres, which are like ſo many Canals or Pipes, 
thro' which the moiſture of the Air, as well as the 
Juice of the Earth, is conveyed into all their Parts. 

Mr. Foucher ſays, he has experienced by the means 
of an Hygrometer, that in Summer the Weather is 
moiſte ſt between ſeven and eight at Night, and in 
Winter between eight and nine in the Morning; and 
that the Air is moiſter at Full-Moon, than when the 
Moon is near the Change. 


PROBLEM XXXVIII. 
Of Pheſphorus i. 


E give the name of Phoſphorus to a Body that's 

fraughted with ſuch a quantity ot the Corpuſ- 
culum's of Light, that by its means one may eaſily 
ſee in the darkeſt Night the next adjacent Objects, 
and even read a Manuſcript without much difficulty. 
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Some Phoſphorus's are Natural, and ſome Artificial. Or Glos 
The Natural are a ſort of Worms with Wings, which rm. 


ſhine at a diſtance in the Hedges in the Summer Nights, 
and are commonly call'd G/ow-H/orms, by the Latins 
Cicindele, Nitedul.e, Nitele, Lucule, and Luciole, and 
by the Greeks Lampyrides ; which give your Hus- 
bandmen co know the ſeaſon for cutting down their, 
Corn, and bringing in theit laſt Harveſt, as the Man- 
m Poet has elegantly expreſsd it in the following 
ines. 


Hu tandem ſtudiis hyemem tranſegimu illam. 
Ver rediit, jam Hlva viret, jam vinea frondet. 
Fam ſpicat : Ceres, jam cogitat horrea meſſor. 
Splendiduls jam note volant Lampyrides Alis. 


Beſides theſe Glow-worms, which ceaſe to ſhine when 
they are dead, there's likewiſe an Indian Snail which 
| Gg ſhines 
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ſhines while alive, and ceaſes ſo to do when dead, ax 
indeed all Animals do. But there's a ſort of Shell- Oy. 
ſters that preſerve ſome fiery Spirits, and give ſome 
light after their Death. Rotten Herrings give ſome 
light in the Night; and rotten Wood a great deal 
Some Diamonds when rubb'd have the ſame effect; 
and Gonzalo Doviedo, lays, there is a Fowl in the h. 
dies call'd Corno, which has ſuch ſparkling Eyes, that 
it ſerves for a Candle at Table. 

The Artificial Phoſphorus's are made of a fort of 

Stone like unto Plaiſter, heavy, clear and Tranſpz 
rent, found in Mount Paterna near Bologna, and from 
thence call'd the Bolonian Stone. This Stone being 
calcin'd and expos'd to the light of the Day, imbibes 
that light without burning, and keeps it for as long x 
time as it has been ſet to receive it, as we obſerve by 
conveying it into a dark place where it ſhines like: 
burning Coal. 
Some Artificial Phoſphorus's are made of Ehalk 
Urine, Blood, and other Sulphureous Subſtances ; and 
theſe burn with a Flame that's quite different from 
that of other burning Bodies; for ir ſpares ſome Sub- 
ſtances that other Fires conſume, and conſumes thoſe 
that another Fire ſpares; what extinguiſhes other 
Fires kindles it, and what kindles other Fires extin- 
guiſhes it. | | 

There are ſome things that this Phoſphorus do's not 
inflame when it touches em, and yet puts them in 
a flame when ir do's not touch them. Its flame 1s 
more hot than that of Wood, mare ſubtil than that of 
Spirit of Wine, and more penetrating than that of 
the Sun, the Rays of which collected by a Glaſs, 
burn black Subſtances ſooner than whice, whereas the 
Phoſphorus attacks them equally. 

The flame of ſuch a Phoſphorus is ſaid to paſs thro 

aper or Linnen withour burning 'em, unleſs it be 


old Linnen, or old Paper without Gum. Tis alſo ſaid, 


that if this flame runs upon a little ball of Sulphur, 
"ewill not ſer it on fire, nor yet Gunpowder ; but if 
you bruiſe em together *rwill put them into a flame, 
Camphyr always takes fire preſently. 

The Phoſphorus has always been reckon'd one cf 
the-moſt curious and ſurpriſing produdtions of Chy- 
miſtry, by reaſon of its uncommon and peculiar Pro- 

| perties; 
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perties; for beſides thoſe already mention'd, tis poſ- 
ſeſs d of many more, ſome of which we ſhall briefly 
hint at. 8 

If you write in the dark with a Phoſphotus, the 
Letters will appear light like a Flame ; and if you 
rub your Face with it, which you may do without 
any danger, your Face will be luminous in the dark; 
and im fine, if you beat it up with ſome Pomatum, 
twill make ir ſſine in the dark. 

If you dip one end of a piece of Paperor Linen in 
Spirit of Wine, or good Brandy, and rub ſome Phoſ- 
phorus upon the other end, the Spirit of Wine or the 
Brandy, will be put in a flame by the Phoſphorus, 
tho it do's not touch em immediately. and will ſer 
fire ro the Paper or Cloth ; which would nor happen, 
if the end of the Paper or Cloth had been dip'd in 
Oil of Spike or of Turpentine: And if you rub the 
Phoſphorus upon the end that's dip'd in the Spirit of 
Wine, the Phoſphorus will not take fire; but if the 
Cloth be dip'd in common Water, twill then rake 
fire notwithſtanding that tis preſery'd by being kept 
in Water; and this Water ſtic'd abour will give Light, 
tho' Spirit of Wine with Phoſphorus dip'd into it will 
not ; bur if you pour ſome drops of this Spirit. of 
Wine into the Common Water, each drop will pro- 
duce a light that preſently diſappears like Lightning, 
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c. | 

I've already intimated that to preſerve the Artifici- The Comps: 
al Phoſphorus, we mnſt keep ir in Water; and now fition of the 
come to ſhew you the way of preparing it with — 


Urine. 

Evaporate upon a gentle fire what quantity you will 
of freſh Urine, till there remains a black Subſtance 
a'moſt dry; let this Subſtance rot for three or four 
Months in a Cellar; then mix it with double the 
quantity of Sand or Bole-Armeniack ; and clap the 
mixture upon a gentle Fire, in a ſtone Retort with a 
Recipient well lured and half full of Water. Raiſe 
the Fire by degrees for three Hours ; and thete will 
v into the Recipient firſt 4 little Phlegm, then a 
ittle Volatil Salt, then a great deal of black ſtink- 
ing Oil, and at laſt the Subſtance of the Phoſphorus 
will remain ſticking to the Veſſel, in a white Maſs; 
Which you muſt melt in Water to reduce it to a Rol- 

6 g 2 ler; 
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dark. 


How to 


red Ink. 


Wriring that a 
ſhines in the aSa flame in the Dark; and Mecler ſays, after Porta, 


make good 
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ler. This you may keep ſeveral years in a Vial full of 
Water cloſe ſtop'd. 

The Phoſphorus being the far and volatil part of 
the Urine, it may likewiſe be drawn from other Ex- 
crements ; alſo from Fleih, Bones, Hair, Feathers, 
Nails, Horns, Tartar, Manna, and any thing that 


yields by Diſtillation a ferid Oil. 


Another ſort of Artificial Phoſphorus is made of the 
Bolonian Stone, calcin'd after the following manner, 
Take five or fix great Srones, pound two of them in 
a Mortar to a very fine Powder, and with that make 
a Cruſt round rhe other four. Then put all in a lit- 
tle Furnace upon a Grate, cover them with Coal, and 
continue the Fire for three or four Hours, or till the 
Coal is conſum'd ro Aſhes. This done take out the 
Stones, and clear em, and ſo your Work's done. 

I intimared above, that with the Artificial Phoſpho- 
rus one may Write, ſo as chat the Letters ſtall ſhine 


that this may be done by the Natural Phoſpho- 
rus, that is, by Wricing with the Liquor of Glow- 
Worms. But this wants to be confirm'd by Experi- 
ence; for, as I laid before, Glow-Worms give no 
light after Death. 

Mecker, in imitation of the ſame Author, makes an 
Artificial Phoſphorus of Glow- Worms, after the fol- 
lowing manner. Beat ſeveral Glow-worms together, 
put them in a Matraſs well ſtop'd for fifteen Days in 
Horſe- dung, then draw off with an Alembick a Was 
ter, which put into a Vial, will caſt ſuch a light in 


the Dark, that you may read and write by it. 


Bur now that we are got upon the Subject of Wri- 
ting, I ſhall here ſhew by. the bye, the way of ma- 
king good red Ink. Soak the White of an Egg thirty 
Hours in a Spoonful of good Roſe Vinegar ; then throw 
away the White, which you'll find half boil'd, and 
ftrain what remains thro' a clean Cloth, and ſo you 
have a Gummed Water, which you're carefully 0 
keep in a little Vial, to be made ule of on occaſion in 
the following manner. 

Put a little of your Gummed Water into a Gally 
Po, ſuch as your Apothecaries uſe for their Oint- 
ments, and mix it with a little Powder of Vermillion 
or Cinnabar, till tis red enough to Write 1 
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being roo thick; and ſo you will have a very good 
ſort of Ink that will ſtick cloſe to the Paper, and not 
ſer off ro the oppoſite fide, when the Paper is bear 
by the Book-binders or others, as it do's when made 
of bare Water or Common Gum. This red Ink muſt 
be ſtir d with a Pencil from time t᷑o time, when you go 
to Write, becauſe the Vermillion or Cinnabar ſinks 
by its weight to the botrom of the Por, 

Another ſort of red Ink which do's not want to be 
ſo often ſtir'd, and may be uſed. as Common Ink, is 
this. Take four Ounces of Brafil Wood cut ſmall, 
one Ounce of Ceruſs, one Ounce of Roch-Allum ; 
pound all in a Mortar, and pour on Wine till all's 
cover d. After three days ſtanding, ſtrain the Liquor 
three or four times thro' a very clean Cloth. then pur 
it in a white earthen Mortar, and ler it dry in a 
dark place, where Sun nor Day-light can't reach ir. 

At laſt ſcrape off the Flower of this dry Subſtance, 
and keep it to be diluted in Gummed Water for uſe 
upon occaſion. 

1 ſhall here ſubjoyn Alexis's Directions for Writing nung up- 
upon Paper, ſo as that the Writing ſhall be inviſible till on Faper 
the Paper is dipt in Water, Put the Powder of Roch- that will not 
Allum into a little Water, and with that write upon —— 
the Paper when 2 pleaſe. When the Letters are it be wet. 
dry they will diſappear; but clap the Paper in fair 
Water, and the Letters will look white and ſhining, the 
Paper being a little black d with the Allum. 

he ſame Author directs to Write ſo as that the ung that 
Writing ſhall not be read but before the Fire, by can't be read 
Writing with the Water in which Sal Armoniack well without fre, 
pulveris'd is diſſolv'd. For when the Letters thus 
Written are dry, they will diſappear, but hold them 
near the Fire, and then they become viſible again. 
The ſame is the caſe if you Write with the juice of a 
Lemon, or of an Onion. 


Gg3 PR O- 


454 


A Sympa- 
theti-x Ink 
that pene- 
crates aWail. 


Mathematical and Phyfical Recreat ions. 


PROBLEM XXXIX 
To make the Sympathetick Ink. 


T H E Sympathetick Ink is made of rwo different 
Waters, the firſt of which diſcovers the Letters 
written with the ſecond, which do nor appear of them- 
ſelves when they are dry; bur when a Spunge moi— 
ſten'd never ſo little with the firſt is drawn over them 
or near them, they appear of a red colour inclining to 
the Black. When theſe two Waters are filtrated, 
they are very clear and Tranſparent, bur when mix'd 
together they become Opaque, and aſſume a very 
rown Colour. Their Compoſition is as follows. 

The Water which diſcovers the Letters, and which 

we call the Firſt, is thus made. Pur into a new and 
very clean earthen Por ſome fair Water, in which 
infuſe a little Orpiment, with a piece of quick Lime 
for 24 Hours, and ſo you have your firſt Water. As 
for the Second Water with which you write the inviſi- 
ble Letters, tis a Gallon of diſtill'd Vinegar boil'd for 
half a quarter of an Hour with an Ounce of Li- 
tharge of Silver. 
When theſe two Waters are freſh made, and care 
is taken to ſtop the Pot well which contains the Firſt, 
the firſt Water has ſuch a Vertue by the force of the 
Lime infuſed in it, that if you cover a Letter written 
with the ſecond! Water with a Quire of Paper, twill 
blacken the Letters and make em appear. rho? it be on- 
ly pour'd upon the upper ſheer of the Paper that co- 
vers the Letter. Take notice that theſe two Waters 
muſt be ſtrain d apart, for tis that which renders them 
clear and tran{parent, 

But there's another ſort of Symparherick Ink, that 
penetrates not on thro' a quire of Paper, but thro 
a thick Book, and <ven thro' a Wall, provided there 
be Planks on the two ſides to hinder the Evaporation 
of the Spirits. Ja this cafe the firſt Water is the ſame 
as above; but the ſecond is an Impregnation of Saturn 


-or Lead, as clear as Rock-Water, made thus. Take 


an unglazed earthen Pan, melt Lead in it, and ſtir it 
continually upon the Fire with a Spatula, till be 
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reduced to Powder; diſſolve this Powder in diſtill'd 
Vinegar, and ſo you have a clear tranſparent Liquor, 
with which you may write what you will upon a piece 
of Paper, and then pur the Paper between the Leaves 
of a very thick Book ; which being rurn'd, obſerve 
as near as you can the part of the laſt Leaf that cor- 
reſponds to that in which your Paper lies, and rub 
that laſt Leaf with Corron impregnared with the firſt 
Water (made with quick Lime and Orpiment; ) then 
leave the Cotton upon the place, with a double piece 
of Paper over ir, and quickly ſhut the Book, giving 
it four or five knocks with your Hand. This done 
rurn the Book, and pur ir in a Preſs for half a quarter 
of an Hour, after which you'll have a diſtinct appear- 
ance of the Letters that were formerly Inviſible. 


PROBLEM XL. 


Of the Sympathy and Antipathy obſerv d between Ani- 
mate and Inanimate Bodies. 


BY Sympathy we underſtand a Conformity of the 
natural qualities of Humours or Temperament, or 
a ſuitableneſs of occult Vertues, ſo diſtributed to two 
things, that they eaſily agree and bear with one ano- 
ther, nay love, ſo to ſpeak, and court one anos 
ther. | 
We find in our ſelves the effects of Sympathy, when 
we have a particular Affection or Efteem for an un- 
known Perſon, as ſoon as we fee him; and of Anti- 
pathy when we avoid a Perſon that has never diſobli- 
ged us, and in whom we have diſcovered no conſi- 
derable Fault. A'moſt all of us hate to hear the gra- 
ting of a Knife againſt any other thing. I know ſome 
would die rather than tarry for any time in a cloſe 
Room wich a Cat; ſome cant ſee Cheeſe without 
fainting; and ic muſt be by the like Antipathy, if ir 
be true, what is ſaid, that the Blood of a Murdered 
Perſon will flow from the Wound in the preſence of 
the Murderer; ſome have an Antipathy againſt the 
agreeable ſmell of Roſes ; Women in Childbed hate 
Perfumes, particularly Musk; ſome will Swoon a- 
way at tie ſmell of an Apple, The Cock ſeems ta 
_ 4 Gg 4 have 
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have a Sympathy with the Morning, which it wel. 
comes with Crow ing and Clapping its Wings; Turn- 
Sol with the Sun, ta which it turns; the Hazel Rod 
with the Metals which it diſcovers by its turning: there 
ſeems to be an Antipathy between a Horle and a 
Wolf. fince, as 'ris laid, the former will not eat if 
there be a Wolf s Tail hung upon the Rack; between 
the Vine and Coleworts; between Hemlock and Rue; 
between a Man and a Serpent; between a Hart and 

Serpent; between a Weazie and a Serpent, and an 
445 of ocher things, Which for Brevity's ſake we 
here omit. : 

We are told there's ſuch a Sympathy between Ele- 
phants and Sheep, that the Romans by that means de- 
feared King Fyrrhus with his Elephants. Ireland pro- 
duces no venomous thing, nor indeed any thing that 
do's Harm, except Wolves and Foxes; and near 
Grenoble in France, there's an old Town ſtanding on 
a Mountain, where neither Serpents nor Spiders, nor 
any other poiſonous Animal will live. 

Mr. Boyle ſpeaks of a venomous Tree in America, 
call'd Manchinelle, which the Fowls will not ſo much 
as pearch upon. The Agnus Caſtus is ſaid ro baniſh all 
venomous Plants; and every one knows that the Sen- 
ſitiye Plant ſhrinks up it ſelt if it be but touch d. 

An Artificial Sone is ſaid to be imported from Goa, 
which the Portugueſe call Capellos de Colubras, the 


Snake - Stone, as being made of the bones of certain 


Snakes, which being made up with another Drug that 
few People know, compoſes that marvellous Stone 
that draws all poyſon out of Wounds made by the 
biring of Venomous Creatures. But Mr. Charras 
Foy this upon Pigeons bit with Vipers, to no ef- 
ect. 
Quickfilver which penetrates the Pores of all other 
Metals, and reduces em to a Paſt, has ſuch a Sympa- 
thy with Gold, that if you pur one end of a Rod of 
Maſſy Gold into it, twill infinuate it ſelf all over the 
Rod to the other end, both on the outſide and inſide. 
This dry Liquid is ſuch, that if you ſtir it with your 
Hand, a Gold Ring upon the other Hand will be 
white and cover'd with Quickſilver ; and in like man- 
ner a piece of Gold held in the Mouth attracts the 
Spirits of Mercury, Tis needleſs to mention. the 
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force of Quickſilver in paſſing thro Leather when tis 
heated but never ſo little; and the re- union of its 
particles in the primitive form, after being diſpers'd 
into Vapours by Diſtillation. 

Few People are ignorant of the force of Electrical 
Bodies, which are ſo call'd, becauſe, like Amber, 
they attract Straw, @c. without touching them. Eve- 
ry one knows the Power of the Loadſtone, of which 
more at large in the next Problem. 


PROBLEM XII. 


Of the Loadſione. 


. 
t TH E Loadſtone is a very hard and very heavy 
Stone, the colour of which approaches common- 
ly to that of Iron, which it attracts by a peculiar 
r yertue at a reaſonable Diſtance, and that with a force 
that makes a ſenſible Reſiſtance when you go to part 


, 'em. This admirable Stone has many fine Proper- 

h ties, which I am now briefly to hint ar. 

l The Loadſtone has not only the vertue of attract- The Load- 

D ing Iron even by penetrating the intervening Bodies jo — on 
but likewiſe that of communicating to the Iron that br comms. 

A it touches, the vertue of attracting other Iron, which nicates irs at- 

ein like manner acquires the power of attracting ano- in vere 

n ther: For we ſee with our Eyes, that an Iron Ring * 


[ touch'd by a good Loadſtone lifts another Ring, and 
e that ſecond Ring lifts a third, and ſo on. We ſee 
e likewiſe, that a blade of a Knife rouch'd by a Load- 
1 ſtone, raiſes Needles and Iron or Steel Nails. 

If you lay ſeveral ſewing Needles cloſe to one ano» 
ther upon a Table, and bring a Loadſtone near the 
firſt, *rwill attract the firſt, which acquiring a Ma- 
gnetick Vertue, will draw the Second, and that the 
next, and ſo on, till all the Needles hang to one ano- 
ther, as if they were link'd together, unleſs you part 
em by Violence. 

Iron reciprocally attracts the Loadſtone at a reaſo · 
nable Diſtance, when that Stone can move freely, as 
when tis hung up, or floats in Water; notwithſtand- 
ing the intervention of another Body. For example, 


put a piece of Loadſtone in a light Boat made * | 


* * 
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Gondola, ſo as to make the Loadftone float upon the 
Water, and preſent to it a piece of Iron at a reaſona- 
ble Diſtance, you'll ſee the Gondola cur the Water to 
go and joyn the Iron. 

This puts me in mind of a Clock I once ſaw at Ly, 
ons in Mr. Servieres's Cloſer, which thew'd the Hours 
by throwing an Artificial Frog into a Baſin of Water, 
round which the Hours were mark'd, as upon a Dj. 
| al; for the Frog ſwimming upon the Water, ftop' 
| and pointed to the reſpective Hour, and inſenſibly 
follow'd the Hour of the Day, like the Hand of a 
Clock. I judge this was done by a Loadſtone hid un- 
der the Bafin, which followed the hour of the Day 
| by the vertue of Clock Wheels, and drew to the ſame 
| Hour the Frog, in which no queſtion was hid a 
| piece of Iron. | 

N fd the When a Loadſtone floats upon the Water, without 
fam: epect any thing about it to cramp its free Motion, or hin- 
ia che Vai- der it to rake what Situation it finds moſt convenient, 
N | * it turns always the ſame way with reſpect to South 


N and North; ſo that one particular part of the Stone 
always looks to the North, and its oppoſite to the 
South; whence theſe two places pointing to the two 
Poles of the World, are call'd the Poles of the Load- 1 
ſtone; and the ſtraight Line paſſing from one Pole to 
the other, is call'd the Axis of the Loadftone. Now, 
all the force and efficacy of the Loadſtone is in this th 


Axis, for the other parts off of the Axis have very ac 
little Vertue; and tis chiefly from the rwo, Extremiries th 
or Poles, as from two Centers, that the Vertue is d- 
Ras {1 .- 3 A 


That part which is equally remote from irs two 
Poles, we call the £quator of the Loadſtone ; and © 
rhis has ſuch a quality, that if you lay a ſewing Needle 
upon ir, twill lie all along ir parallel to its Axis; but iſ 
you take it off of that Line, it riſes more and more 
as it approaches to one of the two Poles, where it if 
ſtands upright. This is diſtinctly obſerv'd in the Sphe- 
rical Loadftones, which I here 1 Homogeneal, th 
as they commonly are, for otherwiſe they may have 
more than two Poles. I'know a Gentleman at Lim: . 
who has a Loadſtone that has four Poles, two on the 
South fide lying oppoſice one to another, and two after ch 


the ſame En pointing to the North. The 
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The Loadſtone communicates its Vertue not only 
ta the Iron that it touches, but even to that which 
paſſes near it ; it attracts likewiſe another Loadſtone, 
and ſometimes repulſes it, according to the different 
Aſpects of their Poles, which are call'd Friendly Poles 
when they're of a different Denominarion, thar is, the 
one Meridional, the other Septentrional; and Hoſtile 
Poles, when they're of the ſame Denomination, that 
is, both Meridional or both Seprentrional : For the 
North Pole of one Loadſtone attracts the South, and 
repells the North Pole of another, and @ centra; pro- 
vided the other can move freely, as when u floars in 
Water, Mr. Puget has a Loadſtone, that in ftead of 
attracting another that floats upon Water, when the 
Poles are friendly, draws it indeed to a certain di- 
ſtance, but repells ic if it comes nearer. 

We obſerve in all Loadftones, that when the North 
Pole of one has attracted the South Pole of another, 
the Aſpect of the North Pole of a third parrs 'em. 

Here I purpoſely wave the Reaſons of theſe Phæno- 
mena, becauſe rhey are Abſtruſe, and improper for 
Recreation. 

When we ſay, a Loadftone in attracting Iron pene- Several Ex- 
rrates all ſorts of intervening Bodies, as freely as if periments of 
there were none between; we muſt except the inter- Lade. 
vention of Iron it ſelf; for we find by Experience, 
that the intervention of a plate of Iron impairs the 
activity of the Magnetick force; doubtlefs, becauſe 


1 
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: the Vertue taking bold of the Plate, is partly ſpent 
\ upon it. 


When we ſay, that the Loadſtone draws Iron to it, 
we muſt ſuppoſe that it can draw it; for if it can't, 
and if tis at liberty to move, the Iron reciprocally at- 
tracts it, and when joyn'd together they ſenſibly reſiſt 
the efforts of Separation. 

1 Tho' the Magnetick Vertue penetrates all interve- 
ning Bodies, Iron excepted, with as much Facility, as 
if nothing interven d, yet tis obſervable that this Ver- 
.me is communicated with more difficulty rhro* Fleſh, 
than thro any Metal whatſoever. | 
5 When we ſay, that the blade of a Knife acquires the 
e Magnetick Vertue by being touch'd with a Loadſtone, 
* we muſt add, that this Vertue is communicated to 
the part of the Kniſe that's laſt touch d; fo that if you 
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rub the blade of a Knife from the Haft to the Point 
along a Loadſtone, all rhe Magnetick Verrue will re. 
main in the Point, and the other end towards the Hat; 
will have no attractive Force; ard if you rub it the 
contrary way, the Virtue will be tranſplanted to the 
other end. Farther, the Vertue thus imparted wil 
be greater or leſſer, according to the place of the Load. 
ſtone that the Blade is rubb'd upon; ſo that, if you 
rub it upon one of the Poles where the Vertue is moſt 
Efficacious, twill receive the greateſt attractive force 
chat tis capable of. 

This Rubbing is done by drawing the Blade AR 
of the Knife ABC, lengchwiſe, from the Haft BC to 
the Point A, or from the Point to the Haft, along 
the Pole D of the Loadſtone DE, the other Pole of 
which is E; and then the Blade AB acquires the Ver- 
we of raiſing as much Iron as is potlible ; and if the 


Blade is drawn over the Pole from B to A, ſo that 


B touches the Pole firſt, and A laſt, all the Magre- 
tick Vertue lies in the Point A. But if after thus 
touching. you rub it again the contrary way, drawing it 
over the Pole D from A to B, in that very inſtant it lo- 
ſes, that attractive Vertue it had acquir'd, 

All Loadſtones are not equally good; and we muſt 
n t always judge of the goodneſs of em by their 


We ght; for ſometimes an Ounce of Loadftone is 
able to lift a pound of Iron; tho indeed of two Load - 


ſtones 
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ſtones of equal Vigour, the greater, has always more 
force than the leſſer. The more ſolid and leſs porous 
that the Stone is, the greater is the force; and it has 
more vigour when poliſh'd than when rough, and 
more ſtill when arm'd with a plate of Steel or po- 
liſh'd Iron, But here you muſt obſerve, that if a 
Loadſtone thus arm'd holds Iron by one of its Poles, 
and the friendly Pole of another naked or unarm'd 
Loadſtone is preſented to it, it holds it the more for- 
cibly ; bur upon the preſenting of the Hoſtile Pole ir 
loſes the force and lers it drop. In breaking a Load- 
ſtone, you may find one part of it to have more force 
than the whole Stone. 

The Loadſtone attracts twice as much Steel as 
Iron, and at a greater Diſtance; for the former be- 
ing ſolider and leſs porous than the latter, it joyns 
more intimately with the former; and when thus 
joyn d with fine well poliſh'r Steel, it attracts a grea- 
ter Weight, than when faſten'd to groſs unpoliſh'd 
Iron. A ſtronger Loadſtone draws a great weight Y 
with more Expedition, and at a greater Diſtance, ' | 1 
than a weaker Stone. We ſeldom ſee a large Load- lj 
ſtone raiſe more than its own Weight, unleſs it be 14 
arm'd ; but oftentimes we meet with little ones, that. 1 
taiſe ten, twelve, and ſometimes eighteen times their 
own Weight; thus an Ounce Stone willæaiſe a pound 
of Iron, as above. ä 

We ſometimes obſerve with Aſtoniſhment, that a 
large fine Loadſtone ſtrips a little one that comes too 
near it of its Vertue; but the little one recovers it 
again in two or three Days, We obſerve likewiſe in 
breaking off a part of a Stone, the Axis and the two 
Poles ſhift their places. Father Schott the Jeſuit, tells 
you, that if you eut a Loadſtone by its Equator into 
wo parts, each part will have two Poles, a new Pole 
at the Section, and the old one at the old place bear- 
ing the ſame Name; and if you cut it in two by its 
Axis, each part acquires new Poles, of a ſimilar Si- 
tuation to that of the Poles of the firſt Stone, and like- 
wife with the ſame Properties. | | 

This Stone is fo hard, that ſcarce any Iron Inſtru- 1 
ment will touch ir, and it can't be cut but with a j 
braſs Saw without Teeth, made as ſharp as a Knife, | 
and with the Powder of Emmery diluted in Water; | 
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it being impoſſible to cut it with any other Saw tho 
of the fineſt Steel. 

I forgot to acquaint you, that by the North Pole of 
Loa dſtone, we underſtand that Pole which turns or 
points to the North, when the Stone hangs free by 
its Equator ; and by the South Pole, the oppoſite Pole 
that points to the South. I ſaid, when it hangs free by 


its Mquator, for if twere ſuſpended by one of its two 


Poles, twould continue unmovable, becauſe the North 
Pole could not then turn to the North, nor the South 


Pole to the South. 


Remark. 
hence we 
have the 
Loꝛdſtones. 


The heſt 
Loadſtones. 


Some will have the Loadſtone to be call'd in Latin 
Magnes, from Magneſia, a County in Micedonia, where 
tis frequently found. Now, the Magneſia Loadſtone 
is ſometimes black, ſomerimes red; the Natolia Load- 
ſtone is white; but, as Hiſtorians tell us, neither of 
theſe has much Vertue. The Erhiopian Loadſtone, 
which is very heavy and Very vigorous, is ſometimes 
yellow. The beſt Loadſtones we have in Europe, are 
for the moſt part found in Norway. There is a for 


of red and of blew Loadſtone, which Dioſcorides prefers. 


ro that of the ruſty. Colour, In Italy they have a for: 
of Loadſtone, that's red on the our-fide, and blew 
within, which when beaten gives a ſort of Flower 
that Iron attracts at a certain Diftance. 

If the name of Loadſtone he allowed to the Stones 
that attracts other Metals, we may reckon in this 
Liſt a Stone call'd Pantarbe, which attracts Gold, and 
another call'd Andromantie, which attracts Silver. 
Cardan ſays, there's a Stone call'd Calamites that at- 
tracts Fleſh. In Æthiopia there's a Stone call'd Thea- 
meder, that inſtead of loving Iron can't indure it, and 
repells it; which has given ſome occaſion to ſay, that 
as thoſe who carry Iron about em to the Lbadſtſtone 
Mountains can't ſtir, ſo on the other hand if theſe 
Mountains produced the Theamedes they could not 
keep to a fixed Station. 

To conclude this Problem, the beſt Loadſtones are 
commonly thoſe of a watry or of a ſhining black Co- 
lour, and very little Red; and of a ſolid Homoge- 
neous Subſtance, thar is, they have bur few Pores, 
and are free from the mixture of a foreign Matter. 
The figure of a Loadſtone contributes very much to 
its Force, for tis a ſtanding Truth, chat of all __ 
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ſtones of equal Goodneſs, that which is the longeſt, 
the beſt poliſhed, and ſo cut that irs two Poles are at 
the two Extremities, is the moſt vigorous. A Spherical 
Figure is likewiſe very advantageous to a Loadſtone. 
The Loadſtone preſerves its Vertue in Filings of 
Steel, tho' the filings may ruſt with it, and likewiſe 
impair its Verrue ; bur the violence of Fire impairs 
it more in one Hour, than the Ruſt does in ſeveral 
Days. Father Deehales ſays, the Loadſtone do's nor 
attract red hot Iron, the occaſion of which is undoubt- 
edly this, that the Heat diſſipates the Magnetick Spi- 
rics by putting them in Motion. 

In fine; a Loadſtone alſo loſes its Vertue of at- 
tracting Iron, when 'tis beat too violently upon the 
Anvil; for that changes the Diſpoſition of its Parts, 
and the Figure of its Pores. This Reaſon is con- 
firm'd by the Experience of Mr. Puget, who having 
put filings of Steel into a Glaſs Tube, and placed a 
good Loadſtone near the filings in order to commu- 
nicate its Vertue, obſerv'd that theſe filings loſt their 
Magnetick Vertue by being ftir'd and mov'd, ſo that 
they could not attract Needles as they had done be- 
fore, To this purpoſe, tis ſaid that if a Magnered 
Steel Needle changes its Figure, 5. e. is turn'd from 
a ſtraight ro a bended, or from a bended to a ſtraight 
Figure, it loſes irs Vertue quite. 


PROBLEM XIII. 


9 the Declination and the Inclination of the Load- 
one. 


TH E foregoing Problem diſcover'd three confide- 
rable Vercues in the Loadſtone, v:z. irs Affectin 

z certain Aſpect in the World, its drawing Iron, . 
its communicating the ſame attractive Vertue to Iron. 
And in the Problem we are now upon, we are about 
to ſhew that nothing in the World is more variable 
than the direction of the Loadſtone, and hence ari- 
ſes what we call the Declination of the Loadſtone: 
For under the ſame Meridian the Loadſtone declines 
ſometimes to the Eaſt, ſometimes to the Weſt, as ap- 
pears by the Angle which the Compaſs Needle makes 


with the Meridian Line, which is call d he a 
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of the Needle, reckon'd from North to Eaſt, in which 
caſe tis an Oriental Variation, or from North ro Weſt, 
in which cale 'tis call'd Occidental. 


The Irregu- This Variation or Declination is very irregular, 


lariiy of the 
D-clinarion 


for under the ſame Parallel ir ſometimes vary's very 


of the Nee. much in a little ſpace, and oftentimes bur little in a 


ale. 


What we call 
its Inclina- 


tion. 


great many Leagues. Neither is it always the ſame 
at all times, for we find a Declination now where 


there was none before. In former times, the Declina- 


tion at Paris was very ſmall, and now tis almoſt ſix 
Degrees from North to Weſt ; which evidently ſhews, 
that Mr. Riccioli's large Table of Variations of the 
Needle, inſerted in his Geography, is altogether 
uſeleſs. 

All Loadftones and all Magneted Needles, of what 
length ſoever, decline after the ſame manner in the 
ſame place at one and the ſame time; which ſhews 
that the d fferent forts of Loadſtones, or the different 
length of Needles, have no hand in the Declination. 
Since the Erup:ion of Mount Veſuvius, we find a con- 
fiderable change in the Declination at Naples; and in 
ſeveral other places, we find no ſuch Declination as our 
Anceſtors oblerv'd. 

As the Philoſophers are puzzied in accounting for 
the variable Declination of the Loadſtone, ſo they are 
equally gravell'd upon the ſcore of its Inclination, by 
which we ſee a rod of Iron or Steel, ſuſpended by its 
Center of Gravity in Aquilibrio, befote tis rouch'd 
by the Magnet; we ſee it, I ſay, loſe irs Equilibrium 
after tis rouch'd ; for that End which points to the 
Pole that's elevated in the Horizon, where 'tis ſul- 
perded, becomes heavier, and conſequently inclines 
towards the neareſt Pole of the Earth, when the Rod 
is in the Plan of the Meridian, And this is evidence, 
that the Magnetick Matter comes from. North and 
South, and that the Earth may be conſidered as a 
great Loadſtone, and a Loadſtone as a little Earth, as 
you ſhall (ee in the Sequel. a 

'Tis for this Reaſon, that the Workmen, who 
make Needles for the Portable Dials, make rhe Sourh 
Point of the Needle a little heavier than the North 
Point; chat ſo when 'tis rouch'd with the Magnet in 
the North Point, the Needle m:y reſt in Æʒuilibrio 
upon its Pavit, that is, be parallel to the Horizon. 
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To make the end of a Needle point ro the North, 
you muſt make it to touch the South Pole of the Load- 
ſtone, gliding ir along from the middle to the end; 
and if after that you touch it again, gliding it con- 
trariwiſe from the ſame end to the middle, the touch d 
Point that formerly turn'd to the North, will then 

int to the South, and inſtead of inclining to the North 
— will riſe towards the South. 

As an Iron Needle applied to a Loadſtone do's not 
incline equally upon every part of the Stone, inſo- 
much that upon its ÆEquator ir do's not incline at all, 
and the further tis from the Aaquaror, ir till inclines 
the more, till ir arrives at the Pole of the Loadſtone 
where it riſes perpendicularly, as if ir ſprung out of its 
Pole, and meant ro continue the Axis, as we ſhew'd in 
the foregoing Problem ; So the Inclination of the Load- 
ſtone is not the ſame in all Climares : for under the 
EquinoCtial Line the Needle is certainly in a perfect 
Equilibrium, and the nearer it approaches ro a Pole 
ic inclines the more, but not in the ſame Proportion ; 
for if it did, we might thereby find out the Lati- 
tude of a place, as ſome have thought without 
ground. | 

'Twas likewiſe a groundleſs thought of ſome; that 
the end of a Magneted Needle that turns to the Norch, 
tiſes towards the Pole or the Polar Star, for on the 


contrary, it inclines ro the Earth, and at Paris where 


the Elevation of the Pole is about 49 Degrees, the 
Needle inclines to the Horizon, almoſt 70 Degrees 
according to Mr. Rohault's Obſervations. In England 
in the Latitude of 50, it inclin'd 71 Degrees and 40 
Minutes; and in 1:aly in the Latitude of 42, which 
is near to that of Rome, it inclines to the Horizon 
about 62 Degrees. 

When a Magneted Needle ſets one of its Points to 
the North, and the other to the South, we conclude 
it has been touch d by one of the Poles of the Loads 
ſtone ; for if you tub ir againſt rhe Mquator of the 
Loadſtone, or only croſs its middle, 'twill have no 
Direction. When your Compaſs-makers magnet their 
Needles, they touch em only at one end, (namely, 
that which is commonly mark'd with the Flower de 
Lyce)drawing the Needle _ 1 meridional Pole * 
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the middle to the end, that ſo it may turn to the 


North. 5 

You may likewiſe touch the Needle if you will 
beginning to glide it from the Flower de Luce end 
ro the middle; and then the touch d part of the Nee. 
dle will turn to the ſame part of the World with tha 
part of the Loadſtone that touch d it. And therefore 
if you would have the Flower de Luce turn to the 
North, as it commonly do's, run the Needle ſoftly WM - 
over the North Pole from the Flower de Luce tothe 
middle; and if you want to change the touch of 
your Magneted Needle, rub the oppoſite end againt MW 1 
the ſame Pole of the Loadſtone, after the ſame man- 
ner as you did before, or elle touch with the oppoſite 1 
Pole the ſame part that was touch'd before. ] 

A generous Loadſtone communicares its Vertne, 1 1 
an Iron Needle, at a reaſonable diſtance withon t 
touching it; and nothing can rob the Needle of th © 
its derived Vertue, unleſs you bend ir when 'cis ſtraigh, WW v 
or turn it from a bent to a ſtraight form: For if a h 
heat it in a fire red hot without melting, if you r t. 
it, if you file it, it till retains the Direction. It a- © 
ways follows the Pole of the Loadſtone that ha at 
touch'd ir, rho" when tis at liberty it points to the tt 
Pole of the World that's oppoſite to that of the Load tb 
ſtone.- 

Of all the forms that can be given to Iron, a long p 
ſtraight Figure is the moſt proper for receiving the Di- Sf 
rection, which is always according to the grearel 
length of the Iron. In an Iron Ring, the Direction 
lies in the touch'd part and its oppoſite Point. Hold 
a Knife over a Compaſs, and the Needle will rurn 
the South end to it; hold it under, and the Needle 
will preſent that of the North to it. 

In the Needle of a Compaſs, we call that Point 
which turns to the South, the Meridional Pole, and tha 
which turns to the North, the North Pole; and the 
South Pole of the Loadſtone attracts the North Pol 
of the Needle, and e contra, when it can move free- 
ly, and is in the ſphere of the activity of the Load- 
ſtone: The ſame is the caſe with two Loadftones 
placed by one another. | 

In two Magneted Needles, we callthoſe the Friend 
ty Poles, which have different Denominations, 7 * | 

Nor 


Meridian: In this caſe, each of the two Needles, 
. 4 
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North and the South; for the one attracts the other, 


when the two Needles can move freely upon their 
Cenrers : And thoſe are the Hoſtile Poles, which are of 
the ſame Denomination, viz, the two Meridional or 
two Septentrional Poles ; for when two Compaſſes are 
put directly one upon another at a reaſonable diſtance, 
the Similar Poles avoid one another, in the Plain of 


the Meridian, and ſo the two Needles take a contra- 


ry Situation, one to another, the fironger forcing the 
weaker to change. 

But if two touch'd Needles ſuſpended freely upon Plate 23! 
their Centers or Pavets, be placed upon the ſame Ho- Fi *% 
rizontal Plain, at a reaſonable diftance, as AB, CD, 
ſo as to be parallel one ro another, and to the true 
Meridian Line, and to have each Pole of the ſame 
Denomination turn'd to the ſame ſide: In this caſe, 
the Poles will continue in the ſame Situation; for in 
order to turn to the contrary Directions (as they 
would do were there no Impediment, and were one 
hung over the other, as CD is over AB, Fig. 82.) 
the two Hoſtile Poles which we have ſuppoſed to be 
on the ſame ſide, muſt of neceſſity approach one to 
another, which is contrary to their Nature, And 
therefore they are kept by force near one another, as if 
they were Friends. 8 

If between two ſuch Needles, as AB, CD, ſuſ- _ 19. 
pended in their Compaſſes AEBF, CGDH, you pura 
pherical Loadſtone ar a reaſonable diſtance, upon the 


Plate 29) 
Fig. S2. 


fame Horizontal Plain, as IKLM, the North Pole 
of which is I, and the South Pole L, fo that the Axis 
IL is parallel to the Horizon, and in the Plain of the 


B; 
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AB, CD, will place ir (elf in the Plain of the ſame 
Meridian; that is to ſay, they'll put themſelves in 3 
Right Line with the Axis IL, the South Pole B of the 
Needle AB pointing to the North Pole I of the Load- 
ſtone, and the North Pole C of the Needle CD point- 
ing to the South Pole L of the Loadſtone. 

But if you turn the Loadſtone IKLM round its 
Center O, ſo as to keep the Axis IL always parallel 
to the Horizon, and to make the North Pole 1 move 
to the right to K, and the South Pole L ro the left 
to M, each Pole moving tnro' a Quadrant of a Cir- 
cle: In this caſe, the South Pole B of the Needle 
AB, attracted by the North Pole I of the Loadſtone, 
will likewiſe run a quarter of a Circle from the right 


to the left to E, and in like manner the North Pole C 
of the Needle CD. attracted by the South Pole L of 
the Loadſtone will move a quarter of a Circle, from 
the left to the right towards H; that is to fay, the 
Poles, I. L, of tbe Loadſtone having acquir'd their 
Si nation as in the annex'd Cur, the Needles, AB, 
CD, will turn themſelves Parallel to the Axis IL, and 
take the Situation here reprelented. 
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- 

2 But if inſtead of making the Poles, I, L, of the 
e Loadſtone turn a Quadrant of a Circle, they be made 
x to move a Semicircle, ſo as to aſſume the Situation 


repreſented in this Cut. The Needles, AB, CD, will 


likewiſe move to the extent of a Semicircle, and turn as 
you ſee in the ſame Cur. Again if you make the 
Poles I, L, turn to the extent of three quarters of a 
Circle, ſo as to aſſume this Situation, the Poles of the 


Needles, AB, CD, will move to the ſame extent, and 
range themſelves as tis here repreſented. : 
The Needles commonly made uſe of in the Boxes —— | 
or Compaſſes for Dials, have one end pointed like an Needle 
Arrow, and the other Plain; or elſe that end which touch d. 
turns to the North is cut like a Croſs or a Flower de - 
Luce, being touch'd with the South Pole of a good 
Loadftone as above. | 
Such a Needle ought to be ftraight, and made of fine 
polim'd Steel, with a little ſtud of Copper or Silver 
in the middle, Py in the form_of a Cone, 


h 3 that 
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char ſo the Needle may eaſily counterballance upon 
irs Pin, which is rais'd at Right Angles from the Cen- 
ter of the Box. Father Nycher ſays, that if you 
would have a Needle well impregnated with the Ma- 
gnetick Vertue, it ought not to be too ſmall ; becauſe 
then ir do's no. lo readily ſhew the Declination of 
the Loadſtone; nor yet roo big, by reaſon thac if itz 
length ſurpaſſes the Semidiameter of the Sphere of 
the activity of the Loadſtone, twill receive a'moſt 
nothing of the Direction. and ſo be of no uſe. Up- 
on this Conſideration, when you are about to touch 
a Needle, you ought to examine before- hand, the 
Sphere of the activity of the Loadſtone; and that 
Pole of the Loadſtone which touches the Needle 
oughr to be poliſh'd (it *ris not arm'd) and that ought 
to be done not by beating it with an Iron Hammer, 


— that impairs its force, but rather with a gentle ſoſt 
ile, * - 


PROBLEM XILIII. 


To find the two Poles of a Spherical Loadſtone, with in 
Declination and Inclination | 


] © find the two Poles of a Spherical Loadſtone; 

raiſe at Right Angles upon any Point of its Sur- 
face a ſmall Pivot or Pin, upon which place a Com- 
paſs- Needle, ſomewhat ſhorrer than the Diameter cf 


the Loadſtone This Magneted Needle will turn 


one of its Points to the North, and the other to the 
South, bur "twill nor keep an Horizontal Poſition, 
unleſs it anſwer to the Axis of the Loadſtone. It 
jr don't, you muſt turn the Loadſtone to che Pivot of 
the Needle, till the Needle is exactly parallel to the 
Horizon, and then the Pin which I ſuppoſe placed on 
the higheſt part of the Magnet, will be upon its 
Equator, and the two Points of the Loadſtone cor- 
reſponding to the rwo Extremities of the Needle, will 
the two Poles you look for. | 
Or elſe hold the Loadſtone near to the Needle pla- 
ged in the Compaſs, and turn it from one fide ro the 
other, till the Needle is perpendicular to the - furface 
of the Loadſtone, and then the Point of the Fw 
| = th - ' > "one 
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ſtone that anſwers perpendicularly to the Point of the 
Needle, will be one of the two Poles of the Load- 
ſtone. Bur in ſtead of a Compaſs. Needle, you may 
make uſe of a good Steel Sewing Needle, ſuſpended 
by one end with a Thread, and turn the Needle thus 
ſuſpended round the Loadſtone, till it touches it ar 
Right Angles, for then the point of Contact is one 
of che Poles ſoughr for. | 

Or __ clap the end of a fine Steel Needle upon 
the ſurface of the Loadſtone, and the Needle will 
incline to the Loadſtone divers ways, according as 
tis more or leſs remote from one of the two Poles, 
but when it comes to one of the Poles twill ſtand 
perpendicular, as intimated above. So that, to find 
the Pole, you need only to place the Needle in diffe- 
rent parts of the Surface, and mark the Point where 
it comes perpendicular. ; 

We rarely meet with.a Loadſtone, the two Poles of 
which are equal, that is, of equal force, for one is 


One Pole of 
Ladſtone 
ſtronget thas 


a' moſt always ſtronger than r'other. Moſt frequently vocher. 


they are Diametrically oppoſite, that is, they lie in 
the Line call'd the Axis, which paſſes thro' the mid- 
dle of the Loadſtone; but ſometimes they are rot 
directly oppoſite; and ſome Loadſtones are ſo vigo- 
rous and lively, that they have equal vigour every 
where, being, as "twhere, all Poles, for every Point 
unjres.to Iron. 


In the next place, to find at all times and in all To find tha 


* the Declination of the Loadſtone, mark exact - 


y upon an Horizontal Plain the true Meridian Line, 
by the means of two Points of a ſhadow mark'd up- 
on the Plain before and after Noon, as we ſhew'd you 
Probl, 31. Coſm. and after applying to that Meridian 
Line the fide of a Square Compals, which bas a Cir- 
cle within nicely divided into 360 Degrees, and a Nee- 


dle well magnerted, the end of the Needle will ſhew 


upon the divided Circle the Degrees of Declination 
ſoughr for, counting them from the ſtraight Line that 
paſſes thro' the middle of the Compals, which is the 
lide of the ſame Compaſs that was applied to the Me- 
ridian Line, | 

After this manner, we find, that, at Paris, the Ma- 
gnet declines at preſent, from North to Weſt almoſt 
uz Degrees; and by the ſame way we know the De- 
n | Hk4 clination 
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The Decli- elination of a Vertical Plain, viz. by applying to that 


whi:h v-ry t, 


Plain the fide of a Square Compaſs, or at leaft ſuch 
a fide as is perpendicular ro the Meridian Line, 
drawn in the bottom of the Compaſs ; and here you 
muſt rake care that there be no Iron hid in the Wall, 
to hinder the Direction of the Magnered Needle, one 
of whoſe Extremities will ſhew upon the divided Cir. 
cle the Declination ſought for, reckoning from the 
Meridian Line of the Compaſs, where the Declinati- 
on of the Loadſtone ought to be mark'd, in order to 
take the Declination of the Vertical Plain more ex- 
actly. 

Monſieur Robault ſays in his Phyſicks, that the 
Compaſs Needles are ſcarce proper for ſhewing, in this 
and the other Northern Cl:mares, how much the end 
of a Needle pointing to the North inclines towards 
the Earth, becauſe their Center of Gravity is a great 
deal under the fix d Point round which they move. 
For this reaſon we ſhall now propoſe a way of finding 
(as near as may be) the Inclination of a Magneted 
Needle. 

Take a very ſtraight piece of Steel Wire, equally 
„thick all over, and of a proper length as four or five 


2x well as the Inches. Run a piece of Braſs W're croſs its Center 
the Declina- of Gravity or middle at Right Angles, and that will 


hold ir in Æquilibrio, juſt as a Beam of a pair of 
Scales is held by the Hook. Now, as ſoon as this 
Steel Wire or Needle is couch'd with a good Magnet, 
and placed in the Plain ot the Meridian, 'twill loſe 
its £quilibrium, and the end that points to the North 
will incline ro the Ground; and ſo the Needle will 
ſhew the Inclination of the Loadſtone, which Rohault 
found to be at Paris in his time 70 Degrees, and 
others ſince only 65 Degrees; and from thence I con- 
jecture, chat the Inclination changes as the Declinati- 
2 but a great many Experiments are wanting to 
fortiſie the Conjecture. | 

But however that be, the Inclination do's not vas 
ry under the Æquator. for there there's none at all, 
and as it do's not begin rill the Needle is moved to 
fone Diſtance from the Æquator towards one of the 

oles, ſo it ſtill increaſcs as it approaches to a Pole; 
and hence tis that the Navigators ſailing North» 
wards, haye been obliged in Sailing North, ro caps 
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little Wax upon the South end of the Needle, becauſe 
the other end bended down to the North Pole of the 
Earth; and to take it off under the ÆEquator; and in 
Sailing on the other fide of the we ro pur the 


Wax upon the North end of the Needle, the South 
end 7 which inclin'd there to the South Pole of the 
Earth. 


473 


Monſieur Vallemont very ingeniouſly explains the Remark. 


Inclinarion of the Divining Rod by that of the Ma- 
gneted Needle, in the following Words. As the Ma- 
« gnetick Particles that circulate round the Earth, meet- 
ing with a Rod of Magneted Iron, range it in the 
direction of their Courſe, and render it parallel to 
the Lines that they deſcribe round the Terreſtrial 
Globe: So the Corpuſculum's flowing from Veins 
© of Water, from Mines, from hidden Treaſures, and 
from the tract of fugitive Criminals, rifing vertical- 
* ly in the Air, and impregnating the Hazel Rod, 
make it turn or bend downwards in order to be pa- 
* rallel to the Vertical Lines that they deſcribe as they 


* riſe. The ſame thing happens in this caſe, thay 


© would happen to a Rod of Magneted Iron at the 
pole of the Earth, where twould incline perpendi- 
* cularly, by reaſon of che Magnerical Particles their 
* riing Verrically. Juſt as when you make faſt 
the branch of a Tree to the ſtern of a Boat, you ſee 
it quickly diſpoſes it ſelf lengthways according to the 
* ſtream of the River, to which the branch always af- 
* fects ro be Parallel. pig 


PROBLEM XIIV. 
To repreſent the four Elements in a Vial, 


THE four Elements of which the Author of Na- 

ture has compoſed the Elementary World, are 
the Earth, Water, Air, and Fire; of which, the Earth 
being the heavieſt, is ſaid ro have the lowermoſt Sta- 
tion in the Center of the World; Water being ligh- 
ter covers the Earth; Air being lighter than Water 
covers it; and ar laſt Fire the lighteſt of all ſurrounds 
the Air. So that in this ſenſe theſe four make tour 
Concentrical Orbs, the common Center of which is 
oe Ceneer of the el. 
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We may repreſent the four Elements in this Order, 


in a long Vial of Glaſs or Cryſtal, as AB, by the help 


of four Heterogeneous Liquors, that is, Liquors of 2 
different Specifick Gravity, which are of ſuch Quali- 
ties, that, rho' ſhak'd together by a violent Agitation, 
they ſoon after return to their natural Stations, and 
all the Particles of one and the ſame Liquor unite in x 
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ſeparate Body from the reſt, the lighter giving way to 
the heavier. 

To repreſent the Earth, make uſe of Crude Anti- 
mony, or blue Smalt well 'refin'd, or black Smal 
coarſly pounded, which by irs Weight will fink to the 
bottom of the Vial AB. h 

To repreſent Water, pour upon the laſt the Ter. 
yeſtrions Subſtance of the Spirit of Tartar, ar Cal- 
cin'd Tartar, or the clear Solution of Por-Aihes with 
a little Roch-Azur, which will give a Sea Colour. 

To reprelenc the Air, pour upon this Compoſition 
Spirit of Wine rectiſied three times, till it has a co- 
lour of Air, or elſe the moſt Spirituous Brandy with 
a little Turnſol, which will give it a Celeſtial Blew ot 
Air Colqur; S An | 
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To repreſent Fire, pour upon all three the Oil of 
Behn, which by its Colour, Lightneſs and Subtilty, 
will make a pretty near Reſemblance. 


PROBLEM XIV. 


Several ways of Prognoſticating the changes of Na- 
ther. 


TH E Winds are the cauſe of the moſt ſudden 
and extraordinary alterations of rhe Gravity of 
the Air ; and the nature of the Winds is ſuch, that 
by the Experience we have of them, we may from 
thence predict (very near) the Weather that will in- 
ſue for two or three days after; for the Wind that 
blows is readily known by the Anemoſcope, of which 
Probl. 34. of Mechanicks. We know, for example, in 
this Climate, that a South Wind generally brings 
Rain, and a Weſt Wind yet more (which is the Pre- 
dominant Wind here, doubtleſs, becauſe the Occan 
lies on that fide ; ) that the North Wind brings fair 
Weather, as well as the Eaſt Wind, which do's not 
laſt lo long as the former, 
The Inhabitants of the Antilla Iſlands have an ad- 
mirable faculty of Prognoſticating by Experience the 
Hurricanes that uſually happen in thoſe Iſlands, and 
are ſometimes ſo Violent as to toſs Men in the Air, 
raiſe up big Trees, &c. | | | 

We may foretel the alteration of Weather by a 
Barometer (of which Probl. 6. Mechan.) for when tis 
calm Weather, and about to Rain in a little time, the 
Quickſilver uſually deſcends. 

Mr. Guerick Bourgomaſter of Magdebourg invented 
a Barometer, which he cail'd an Anemoſcope, becauſe 
by it he pretended he could nor only tell how the 
Wind*ftood in the Air, bur likewiſe predict Rain, 
Drought, Storms, and Tempeſts two hundred Leagues 
off; and eyen the formation of Comets in the Hea- 
vens. | 

This Barometer is made like a Glaſs Tube, in 
which is a little Artificial Man of Wood, that aſ- 
cends or deſcends according to the weight of the 5 
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We are told, that in the year 1680 this little Man 
mounted ſo very high at Magdebourg, that all on x 
ſadden he ſunk. quite down in the Tube for two or 
three Hours; upon which Mr. Guerick Prognoſticated 
a great Storm, which accordingly happen'd ſoon atter, 
and did great Miſchief all over the Sea-Coaſt of 
Europe. | 

This Gentleman's Secret is faid to be known to 


none but the Elector of Braudenbourg, who has one 


of his Barometers in his Library. But what he knew 
by his Barometer, the Savages know by a long habi- 
tual Conſideration of the Temperament of the Air, 
when Hurricanes happen, er of the courſe of the 
Clouds, or of the Winds that oftentimes are the fore» 
runners of Hurricanes; ſometimes they predict Hur. 
ricanes from the flight of certain Fowls. 

The Labouring Men and Ancient Inhabitants of 
Rural Places, are nor leſs expert in foretelling the 
alterations of the Weather; above all, the experienc'd 
Pilots never fail almoſt in predicting Storms from the 
precedent Signs formerly obſerv'd. 

Some tell you, there's a hole in a Mountain in the 
Alps, the ſtopping of which brings a Storm in that 
part an hour after. We are likewiſe told that there 
are ſome natural Tubs or Caverns in the Rocks neat 
Grenoble, which, when full of Water in the Spring, 
preſage a good and fertile Year, and when dry a bat- 
ren Year, | 
| Thoſe who apply themſelves to the obſervation of 
the fore-running Signs of good or bad Weather, lay 
down the following Rules. When a thick white 
Dew lies upon the ground in a Winter Morning, 
you'll have Rain the ſecond or third day after. When 
the Sun riſes red or pale, it generally rains that day: 
When the Sun ſets under a thick Cloud, you'll have 
Rain next Day; or, if it rains immediately, you'll 
have a great deal of Wind next day; which is ab 
moſt always the Conſequence of a pale ſetting Sun, 
A red Sky at Sun-riſe ts a fign of Rain; bur a red 


Sky where the Sun ſets, is a ſign of fair Weather; 


indeed if the Sky be red at a great diftance from the 
part where the Sun ſers, as in the Eaſt, you'll have 
enher Rain or Wind the next day. If juſt after 
Sun-ſer, or before Sun-riſe, you gbſerve a white Va- 
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r riſing upon Waters, or Marſhes, or Meads, you'll 
296 fair warm Weather next day. | 

If a full Moon riſes fair and clear, it portends a ſer 
of good Weather ; a pale Moon is the fore-runner 
of Rain, a red Moon of Wind, a clear Silver-co- 
lour'd Moon of fine Weather; according to the Latin 
Verſe. 


Palida Luna pluit, rubicanda flat, alba ſerenat. 


When the Fowls pick their Feathers with their Bill, 
tis a fign of Rain. Other ſigns of Rain, ate; When the 
Birds that uſually pearch upon Trees fly to their Nefts ; 
When Coors and other Water- Fowls, eſpecially Geeſe, 
. keckle and cry more than uſually ; When the Land- 
a Fowls repair to Water, and the Water-Fowlsto Land ; 
When the Bees do not ſtir (or at leaſt not far) from their 
Hives; When the Sheep leap mightily, and puſh at 
one another with their Heads; When Aſſes ſhake 
their Ears, or are much annoyed with Flies; When 
Flies are very troubleſom, daſhing often againſt a 
Man's Face; When Flies and Fleas bite wickedly ; 
» WW When many Worms come out of the Ground; When 
t Frogs croak more thau uſually; When Cars rub 
, their Head with their Fore-paws, and lick the reſt 
r of their Body with their Tongue; When Foxes and 
„ Wolves how! mightily ; When Ants quit their La- 
. bour and hide themſelves in the Ground; When Ox- 
| en tied rogether raiſe their Heads, and lick their 
Snouts; When Hogs at Play break and ſcatter their 
bottles of Hay ; When Pigeons return totheir Pigeon- 
Houſe; When the Cock crows before his uſual Hour ; 
When Hens creep in Cluſters into the Duſt ; When 
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- are often ſeen at Sea; When Deers fight, 
C. 

A Rainbow in the Eaſt is a fign of or Rain, 
eſpecially if it be of a bright lively Colour; A 
Rainbow in the Weſt preſages an indifferent quan- 
tity of Rain, and Thunder ; but a Rainbow in the 
Eaſt in an Evening, predicts fair Weather, and if irs 
colour is lively and red, it foretells Wind. 

An Iris round the Moon, is a fign of Rain with a 
g$outh-Wind ; an Iris round the Sun with a fair my 

if, 
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We are told, that in the year 1680 this little Man 
mounted ſo very high at Magdebourg, that all on 2 
ſudden he ſunk quite down in the Tube for two or 
three Hours; upon which Mr. Guerick Prognoſticated 
a great Storm, which accordingly happen'd {con after, 
and did great Miſchief all over the  Sea-Coalt of 
Europe. | 

This Gentleman's Secret is faid to be known to 


none but the Elector of Z-4::denbourg, who has one 


of his Barometers in his Library. Bur what he knew 
by his Barometer, the Savages know by a long habi- 
tual Confideration of the Temperament of the Air, 
when Hurricanes happen, er of the courſe of the 
Clouds, or of the Winds that oftentimes are the fore» 
runners of Hurricanes; ſometimes they predict Hur. 


ricanes from the flight of certain Fowls. 


The Labouring Men and Ancient Inhabitants of 
Rural Places, are nor leſs expert in foretelling the 
alterations of the Weather; above all, the experienc'd 
Pilors never fail almoſt in predicting Storms from the 
precedent Signs formerly obſerv'd. 

Some tell you, there's a hole in a Mountain in the 
Alps, the ſtopping of which brings a Storm in that 
part an hour after. We are likewiſe told that there 
are ſome natural Tubs or Caverns in the Rocks near 
Grenoble, which, when full of Water in the Spring, 
preſage a good and fertile Year, and when dry a bar- 
ren Year. 
| Thoſe who apply themſelves to the obſervation of 
the fore-running Signs of good or bad Weather, lay 
down the following Rules. When a thick white 


Dew lies upon the ground in a Winter Morning, 


you'll have Rain the ſecond or third day after. When 
the Sun riſes red or pale, it generally rains that day: 
When the Sun ſets under a thick Cloud, you'll have 
Rain next Day; or, if it rains immediately, youll 
have a great deal of Wind next day; which 1s al- 
moſt always the Conſequence of a pale ſetting Sun. 
A red Sky at Sun-riſe is a fign of Rain; bur a red 


Sky where the Sun ſets, is a fign of fair Weather; 


indeed if the Sky be red at a great diftance from the 


part where the Sun ſers, as in the Eaſt, you'll have 


either Rain or Wind the next day. If juſt after 
Sun-ſer, or before Sun-riſe, you gbſerye a white Va- 
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r riſing upon Waters, or Marſhes, or Meads, you'll 
— fair warm Weather next day. | 

If a full Moon riſes fair and clear, it portends a ſer 
of good Weather; a pale Moon is the fore-runner 
of Rain, a red Moon of Wind, a clear Silver-co- 
jour d Moon of fine Weather; according to the Latin 
Verſe. 


Pallida Luna pluit, rubicanda flat, alba ſerenat. 


When the Fowls pick their Feathers with their Bill, 
is a ſign of Rain. Other ſigns of Rain, are; When the 
Birds that uſually pearch upon Trees fly to their Nefts ; 
When Coots and other Water- Fowls, eſpecially Geeſe, 
keckle and cry more than uſually ; When the Land- 
Fowls repair to Water, and the Water-Fowlsto Land ; 
When the Bees do not ſtir (or at leaſt not far) from their 
Hives ; When the Sheep leap mighrily, and puſh ar 
one another with their Heads; When Aſſes ſhake 
their Ears, or are much annoyed with Flies; When 
Flies are very troubleſom, daſhing often againſt a 
Man's Face ; When Flies and Fleas bite wickedly ; 
When many Worms come out of the Ground; When 
Frogs croak more thau uſually; When Cats rub 
their Head with their Fore-paws, and lick the reſt 
of their Body with their Tongue; When Foxes and 
Wolves howl mightily ; When Ants quit their La- 
bour and hide themſelves in the Ground; When Ox- 
en tied rogether raiſe their Heads, and lick their 
Snouts; When Hogs at Play break and ſcatter their 
bottles of Hay ; When Pigeons return totheir Pigeon- 
Houſe ; When the Cock crows before his uſual Hour ; 
When Hens creep in Cluſters into the Duſt; When 


Toads are heard to croak upon Eminences; When 


1 are often ſeen at Sea; When Deers fight, 
6. 

A Rainbow in the Eaſt is a fign of great Rain, 
eſpecially if it be of a bright lively Colour; A 
Rainbow in the Weſt preſages an indifferent quan- 
tity of Rain, and Thunder; but a Rainbow in the 
Eaſt in an Evening, predicts fair Weather, and if irs 
colour is lively and red, it foretells Wind. 

An Iris round the Moon, is a fign of Rain with a 
South - Wind; an Iris round the Sun with a fair _ 

if, 
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Air, is a fign of Rain, but in the time of Rain ti 
a ſign of fair Weather. 

We apprehend changes of VVeather, when the 
leaves of Trees move without VVind ; when the Wa. 
ter dries more than uſually, or where it did not uſe 
to dry; VVhen Spring or River VVarter increaſe 
without Rain; VVhen we ſee an 1ris round a Torch, 
a Candle -or a Lamp ; VVhen Fire kindles with Dif. 
ficulty ; VVhen the Flame inſtead of mounting up- 
wards bends ſideways, and the Rays reflect; Vi 
ſalt Meat or Salt becomes moiſt, and when Stongs 
ſwear, that Humidiry being a fign that the Air is over. 
loaded with moiſt Vapours. 

In Summer we apprehend a future Storm, when 
we ſee little black looſe Clouds lower than the reſt, 
wandring to and fro; VVhen at Sun-tiſe we ſee ſe⸗ 
veral Clouds gather in the VVeſt ; and on the other 
hand, if theſe Clouds diſperſe, it ſpeaks fair VVea- 
ther. VVhen the Sun looks double or triple through 
the Clouds, ir Prognoſticates a Storm of long Dura- 
tion. Two or three diſcontinued and ſpeckled Cir- 
— or Rings round the Moon, prelage a great 

corm , 


PROBLEM XLVI. 
Of the Magical Lantern. 


JA0 I rook notice already Probl. 27. Opt. of the 
Magical Lantern, the Invention of, which is at- 
tributed ro Frier Bacon of England, yet having there 
ſpoke bur tranſiently of it, F think my ſelf obliged 
to deſcribe ir a little more particularly in this place, 
fince it has made ſo od noiſe in the VVorld of 
— inſomuch that ſome think 'rwas known to Se- 

mon. | 
This Lantern is call'd Magical, with reſpect to 
the formidable Apparitions that by vertue of Light it 
ſhews upon the white VVall of a dark Room. The 
Body of it is generally of white Iron, and of the Fi- 
gure of a ſquare Tower, within which towards the 
back part is a Concave Looking-Glaſs of _ 4 
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which may either be Spherical or Parabolical, and 
which by a Groove made in the bottom of rhe Lan- 
thern, may be either advanced nearer, or put further 
back from the Lamp B, in which is Oil of Olives or 
Spirit of VVine, and of which the Match ought 
to be a little thick, that when 'tis lig hted it may 
caſt a good Light, that may eaſily reflect from the 
Glaſs A to the forepart of the Lanthern, where there's 
an Aperture C, with a Proſpective CD in it com- 
pos d of two Glaſſes that make the Rays converge and 
magnifje the Objects. | | 

VVhen you mean to make uſe of this Machine, 
light the — B, the light ot which will be much 
augmented by the Looking-Glaſs A at a reaſonable 
Diſtance; between the forepart of the Lanthern and 
the Proſpective-Glaſs CD, you have a Trough made 
on purpoſe, in which you're to run a long flat thin 
frame EF, with ſeveral little different Figures, paint- 
ed with tranſparent Colours upon Glaſs or Talk 2 
Then, all theſe little Figures paſſing ſucceſſively before 
the Proſpective CD, thro' which paſſes the Light of 
the Lamp B, will be painted and repreſented with the 
lame Colours upon the white VVall of a dark Room, 


in a Gigantick monſtrous Figure, which the fearful 


ignorant People take to be the effect of Magick. 
PROBLEM XLVII 


To pierce the Head of a Pullet with a Needle without 
killing it. 


HIS is a very eaſie Problem, for there's a place 
in the middle of a Puller's Head, that may be 
pierced without hurting the Cerebellum. But the Nee- 


dle muſt not be kept in above a quarter of ag 


Hour, 
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PROBLEM XLVIII. 


To make handſom Faces appear pale and hideous in 
dark, Rooms. a 


BU RN ſome Brandy and common Salt in a Glaf 

then put out the fire and all the Lights in the Room; 
and the Particles of the Salt and Brandy evaporating 
into the Air ſhut up in the Room, will make the Fa- 
ces of the People in the Room appear thro' that Air 
hideous and frightful. 

I intimared above, Thar, if inſtead of Brandy, yo 
take good Spirit of Wine mix'd with Camphyr in 2 
glaz'd earthen Pan put upon hor burning Coals ; he that 
enters the Room with a lighted Candle will be agree- 
ably ſurpris d; for the Candle ſetting fire to the Par- 
ticles of the Spirit and the Camphyr, with which the 
Air is repleniſh'd, that Air will ſeem to be all in a fire, 
and the Perſon will ſee himſelf in the midſt of Flames 
withour being burnr. | 


PROBLEMS 


PYROTECHNY. 


Yrotechny is an Art that teaches to make Fire- 
works of all ſorts, whether for War or for 
Diverſion. Of the firſt kind, are Grenades, 

| Bombs, Carcaſſes, Petards, Mines, and ſuch 
other Machines of War fitred for the Terror and De- 
ſtruction of an Enemy: Of the Lattet, are Rockets, Fire- 
Lances, Serpents, and other artificial Repreſentations 
of various things in Fire, which are fit F Diverſi- 
on, and for Entertainment upon ſolemn Occaſions of 
Joy; ſuch as of Suns, Stars, Rain of Gold, flying 
Dragons, Rocks, Towers, Pyramids, Arches, Coaches, 
Triumphal Chariots, Coloſſes or Gigantick, Statues, 
Swords, Scymitars, Cudgels, Bagonets, Shields, Scutehe- 
ons, &c. as will appear in the following Problems. 


PROBLEM I. 
To make Gun- Powder. 


(G- Powder, which is ſaid to have been invented 

about thfee hundred years ago by a German 
Monk, being required to the making up of all Fire- 
works, tis neceſſary we ſhould begin by ſhewing the 
Manner of its Compoſition, the Effects of which 
when in whole Grains or Corns, are ſo ſudden and 
violent, tho“ when beaten ſmall, it loſes moſt of its 
Force, as Experience teaches ; of which we ſhall not 
here trouble our ſelyes to find our the Reaſon, 
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The principal Things of which Gun-Powder i; 
made are three, viz. Niere or Saltpeter which pives it 
the Force, Suiphur or Brimſtone which makes it 
quickly to take fire, and Y/ood-coal Duſt which unites 
2 Compoſition, and qualifies the force of the Pow- 

er. 

The Saltpeter muſt be very white, being well 
skimm'd and clarified, which is done in this Manner; 
firſt it muſt be boiled, with a quantity of Water ſuf. 
ficient. to diſſolve it, in a Kettle, or in a glaz'd Ear. 


then Pot, on a Fire, flow at firſt, and increas'd by 


degrees till the Nitre is all diflolv'd, and the Liquor 
begins to thicken : After which ſome yellow Sulphur 
well pcuder'd muſt be thrown in, which will imme— 
diately take Fire; this Injection being many times re- 
peated, will conſume the groſs and viſcous Humour 


of the Saltpetre, which hereby will be purified. 


The Salt. Peter thus diſſolv'd and purify'd, muſt be 
pour'd out upon a well- poliſl”d Marble, or. upon 
glazed Tiles, or -upon- Plates of Iron or Copper, 
where, when cold, it becomes hard, and white as 
Marble : After which ir muſt be reduc'd to a Flow- 
er or Powder, by drying it on a Coal-fire, and ſtit- 
ring it cofitinually with a large Stick, till all the Hu- 
midity is exhal'd, and its become perfe white ; 
then more clear Water, or rather Whire-wine, muſt 
be pour d upon it, ſufficient to cover the Salt- Peter, 


which will diſſolve it; and when it has acquird 2 


ſomewhar thick Conſiſtenge, it muſt be perpetually 
ſtirr'd, and as quick as — with the ſame Stick, 
till this Moiſture is alſo evaporated, and all is re- 
duc'd into a very dry and white Powder, which 
muſt be afterwards paſs'd thro' a very fine Silk 
Searce, ; 

The Sulphur muſt alſo be well clarified and skim- 
med with a Spoon, being diffolv'd by little and little 


on a Coal-fice without Smoke, in an Harthen or Cop- 


per Por : Then being taken from the Fife, it muſt be 
ſtrain'd thro' a Linnen Cloth, into another Veſſel, 
where it remains pure and clean, ſeparated by the 
Cloth from all the groſs and oyly Humour, of which 


it, no leſs then the Salt- Peter, did partake. 


Some there are, who ro make the Sulphur more 
active and violent, add to it, when — is 
efore 
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before order'd, a fourth part of its Weight of Quick- 
ſilver, ſtirring and mixing it inceſſantly, and as faſt 
as poſſible with a Stick, till it be cold, and the Mer- 
cury is well united and incorporated with the Sul- 
pow inſomuct? that all is reduced into one ſolid 

ody. | | 

Others, to render the Sulphur more forcible, pure, 
and clean, inſtead of Mercury mix it with Glaſs finely 

wder'd, and pour upon it Brandy with ſome Pow- 
der of Allum. This is a good way to make fine 
Gun Powder for Piſtols, Carbines, and other ſuch 
Fire-Arms ; but for ordinary Gun-Pgwder the com- 
mon yellow Brimſtone is ſufficient, which makes a 
Noiſe when tis held to the Ear. | 

The Coal required in making of Gun- Powder muſt 
be light; for the lighter tis, the more thereof goes 
to make up the, Weight, and when reduc'd to Pow- 
der it takes up moſt room, and goes the further. - The 
lighteſt of all others is that made of pilled Hemp- 
ſtalks; but in my Opinion the Coal of the Willow- 
tree is berter; or if this can't be had, we may ule the 
Wood of the Hazel-tree, or that of the Lime-tree, 
or even that of Juniper for the ſame End. And tis 
done thus, 25 

The Branches of the Wood you deſign to uſe, muſt 
be cut in May or in June, when fulleſt of Sap, of 


two or three Foot in length, and half an Inch thick; 


then with a Knife you muſt clear them of the Bark 
and Twigs, and tie em up into little Faggots, and 


dry them in a hot Oven; you muſt burn them after- 


wards in a large Por, till they are reduc'd into live 
Coals, which muſt then be exringuiſh'd by covering 
the Por cloſe with Earth ſomewhat moiſt, which at- 
ter 24 hours may be uncover d, and the Coal taken 
thence to be us'd upon occafion when ever you have 
a mind to make up your Gum Powder, which you 
muſt do in this manner. 


Having ſhewed already that theſe three things „ Preparation 
Salt-peter, Sulphur and Mood-Coal, which we have of Gun em- 
already taught how to prepare, are required in the 4 


Compoſition of Gun-powder, what remains is only to 
determine the Proportion and Quantity of each, to- 
gether with the Order and Method to be oblerv'd in 
mixing em. Wherefore, 
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To make fine Powder fit for Rockets, you muſt add 
to eight Pounds of good Salt-petre well refined, One 
Pound of Flower of Sulphur, and two Pounds of the 
Coal of Willow-tree. 

Or, to fourreen Peunds of Salt-petre, add two 


Pounds of Sulphur prepar'd with Mercury, or in Flow. 


ers, and one Pound of Coal made of Hemp-ſtalk. 
Or again, add to fix Pounds of Salt- petre, one 
Pound of Brimſtone, and one Pound of Coal 

Or, finally, ro four Pounds of Salt-petre, add one 
Pound of Sulphur, that has been made to paſs thro' a 
very fine Searce, and two Pounds of Coal taken from 
a Baker's Over and this to me ſeems the beſt of 
all.* p 


ter, you muſt add, to one of theſe four Compoſiti- 
ons, a quantity of Quick- lime equal to that of the Su- 
bur. . 

To make Powder fir to be us'd in Fire-Arms, and 
in the firſt place for Cannons, add ro four Pounds of 
Sait-petre. one Pound of Sulphur, and one Pound of 
Coal; or elſe to twenty five Pounds of $ /t-perre, add 
five Pounds of Sulphur, and fix Pounds of Coal. 
For Muſquett, to fifty Pounds of Sale-petre add nine 
Pounds of Sz/phur, and ten of Coal: Or elle, to an 
hundred Pounds of Salt. petre, add fifteen Pounds of 
Sulphur, and eighteen of Coal. 

fn fine, for Piſtols, add to an hundred Pounds of 
Salt-petre, twelve Pounds of Sulphur, and fifteen of 
Coal: Or to fifty Pounds of Salt-petre, five of Sul- 
phur, and four of Coal. 

The Proportions of the Ingredients being thus ad- 
juſted, all together muſt be thrown into a brazen 
Mortar, and with a Peſtle of the ſame Metal wel! 
bearen, for ſeven or eighr Hours and more, without 
ceaſing, gently ſprinkling the Mixture with Water 
from time co time, or rather with Urine, or with 
ſtrong Vinegar, or, which is yet better, with Bran- 
dy; and if you defire a fine light Powder, uſe, in- 


ſtead of theſe aboveſaid Liquors, the diſtill'd Water 


of Orange or Citron-peel, taking care tnat you moi- 
ſten it not roo much; and to hinder the Coal from 
flying away, you may diſſolve a little Ifing-glaſs in 


the Liquor: If cis required that the Grains of the 


Powder 


If 'ris requir'd that this Powder ſhould burn in Wa. 
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Powder be very hard after they are dryed, the Com- 
poſition, rowards the End, muſt be ſprinkled with 
Water wherein Quick-lime has been quench'd. 

The Mixture being thus ſufficiently beaten and 
ſprinkled, muſt be paſs'd thro' a Sieve with round 
Holes, more or leſs wide, according as the Size of the 
Grains is deſir d; after this it muſt be put into a hair 
Searce, and ſhaken till all paſs through but the Grains, 
which muſt be kepr for uſe. Bur that which is nor 
reduc'd into Grains, that is the Duſt which paſſes 
thro' the Searce, muſt nor be loſt ; for it may be dry'd 
in the Sun, or ſome hor Place, asin a Stove, and then 
put into the Mortar, pounded, ſprinkled, paſs'd thro' 
the Sieve, and ſearced, as hath juſt now been ſaid, 
and the ſame Operations may be reiterated till all the 
Mixture is broughr into Corns or Grains. 


Some there are that dont beſtow ſo much Pains in 


making this Powder, eſpecially upon that for Cans 
nons : For they judge it ſufficient to put into an Ear- 
then Pan ſome Salt-perre, Sulphur, and Wood-coal, 
in a Proportion approaching ſome of thoſe formerly 
ſer down, or ſuch an one as Experience has taught 
em to be the beſt, which they boil in Water over a 
gentle fire two or three Hours, till, the Water being 
conſumed, the Mixture acquires ſome Confiftence ; 
after which they dry it, as formerly, in the Sun, or 
in ſome warm Place, and then make it ro paſs through 
- Searce of Hair, thereby to reduce ir into ſmall 
rains, 


PROBLEM II. . 
To make Gun- Powder of any feguired Colour 


H E Powder, of which we have given the Com- 
poſition in the preceding Problem, muſt of. neceſ- 

ty be of a black Colour, by reaſon of the Coal mix 
ed therewith; which yet is not abſolutely neceſſary 
to it: For we aft at liberty inſtead of it to ule any 
other Matter that is eafily inflammable, which will 
communicate its Colour ro the Powder, to be made as 
has been taught above: But the following Proportions 
mult be obſery'd, 


To make 
Powedery of 
any Colour, 
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lite Gun, If tis requir'd ro make White Powder, to fix Pounds 
owder. of Salt-petre, muſt be added one Pound of Sulphur , 
and one Pound of the P:ith or Heart of Elder well 
dry d: Or elſe to ten Pounds of Salt-petre, add one 
Pdund of Sulphur, with one Pound of pilled Hemp- 
ſtalks. | 
low Gun. If Yellow Powder is defired, add, to eight Pounds of 
md. Salt-petre, one Pound of Salphur, with one Pound of 
wild Saffron boil'd in Brandy, and 4fterwards dry'd 
and pulveriz d. | | 
Blue Powder. To make Blue Powder, take, to eight Pounds of 
Salt-petre, one Pound of Sulphur, with one Pound of 
the Saw-duſt of the Lime-tree, boil'd in Brandy with 
ſome blew Indigo, and after dry'd, and Powder'd. 
rien pomder. If you would have Green Powdew; with ten Pounds 
of Salt-petre, you muſt mix one Pound of Sulphur; 
and two Pounds of rotten" Wood, botl'd in Brandy 
with ſome Verdigreaſe, and then dry'd and reduc'd to 
- Powder. | 
d.. Finally, Red Powder may be made, by adding to 
| Powder. twelve Pounds of Salt-petre, two Pounds of Sulphur, 
one Pound of Amber, and two Pounds of Red Sanders : 
Or, to eight Pounds of Salt-petre, and one Pound of 


you may take one Pound of Paper dry'd 
an 


pulveriz'd, and afterwards boil'd in Water of 


_— or of Vermilion, or of Braſil-wood, and then 
ry bs " . 


PROBLEM IIͤI. 


| Tg make Silent Powder, oy ſuch 4 may be diſcharged 
"a without a Noiſe. 5 


8 HIS unſounding Powder , if any ſuch there is, 
2 got ; goes — under the Name of Nhite Pow» 
the, der, becaule, poſſibly, the firſt made was of that Co- 
ldur. Tis not probable ir can be of any great Force, 
for as much as the Noiſe of Gun- powder, proceeds 
from the violent Percuſſion of the Air, occaſion'd by 
the ſtrength of ir. I have not indeed ſeen this Pows 
der, my ſelf, yer J have read in Authors ſeveral Ways 
bf making the lame, of which the following two on- 
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The firſt is thus: To one Pound of Common Gun--The firſt 
Powder, take half as much Venetian Borax, which ha- V7: 
ving pulveris d, mix d, and well, incorporated toge- 
ther, reduce the Mixture into Grains, as above direct 


ed, and you have. the Powder required. 
The other Way is: To four Pounds of Common The ſecond 


| Gun-Powder, add two Pounds of Venetian Borax, one WV. 


Pound of Lapis Calaminaris, and one Pound of Sa- 
Armoniack ; pulverize em all together, to make of 
em a Powder in Grains, as before. 


PROBLEM IV. 
To know the DefeRs of Guri-Powder. 


TH E Defects of Gun- Powder ney be known ſe- 
veral Ways: as firſt, by the Sight, when 'tis too 
black; for then it has roo much of the Mood. coal, as 
ins may perceive if you put ſome of it upon white 
Paper, which it will blacken : Now too much of the 
Coal renders it moiſt, and the Moiſture diſſolves the 
qule-perre, ſeparates ir from the other rwo Parts of 
the Mixture, and fo leſſens its Force. The Powder 
that is good, ſhou'd be of a dark Aſh-colour, incli- 
ning ſomewhat towards a Red. 
econdly, by the Touch ; if you rub ſome Grains of 
it with the end of your Finger upon a well-poliſh'd 
Table, and they are eaſily reduc'd into Duſt, tis a 
ſign that the Proportion of the Coal therein is more 
than enough.: And if the Grains don't crumble with 
equal Facility, ſome of them being ſo hard thar 
they prick the Finger, tis an evidence that the Sul- 
phur is not well imbodied with the Salt- petre, and the 
Powder therefore not duly prepared. | 
Thirdly, the Faults of Gun-Powder may be 
perceived by means of the Fire: For if when tis 
fired upon a ſmooth Board, it blackens it much, tis 
4 roken there is roo much Coal in it; and if upon 
that Board or Table there remains only ſome black 
Mark, it appears thereby that much of the Coal has 
not been well burnt : And, in fine, if the Board re- 
mains as it were greaſy, this diſcovers that the Sul- 
por ad-che Calv-yores- haye wor; hate inlay. pn. 
% „ M red; 
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rified ; that is freed of that oily, greaſy and viſcous 


' Humour, which is ever hurtful and ſuperfluous, 


+ *Tis likewiſe a figy that the Salr-perre has not been 
ſufficiently refined, that is, ſeparated from that groſs 
terreſtrial Matter which 18* prejudicial in the Compo- 
fition, and that the Sulphur has not been beaten e- 
nough, nor well incorporated with the other Parts, 
when there appear in the Powder ſmall Grains, white, 
or of a Citron-colour. 

The good or bad Qualtity of Gun-powder may al- 
ſo be thus diſcerned by means of Fire, it you lay 
ſeveral little Heaps thereof upon a clean and well- 
liſh'd Board, at the diſtance of four or five Inches 
from one another: For when tis well prepar'd, if you 
pur fire to one of theſe Parcels,” the Powder will take 
fire of a Sudden, and it will burn by it ſelf with a 
little Crack, the clear white Smoak ariſing all at once 
like a Circle in form of a Crown. 


PROBLEM V. 


To amend the Defect, of Gun-Powder, and to reſtore it 


when decay d. 


JF. Gun-powder bas nor been well prepared, or, if, 
being kept in a moiſt Place, or being too old, tis 
altered, weaken'd, or ſpoiled, degenerating thus from 


its firſt Vigour, it may be recovered in the following 


Manner. 

Take a quantity of good Gun-powder equal in bulk to 
that which you would amend or reſtore ; that will be 
much heavier than this: To this laſt therefore a quan- 
tity of well clarified Salt-petre muſt be added, ſuffici- 
ent to make it of the ſame Weight with the former, 
which being beaten together in the uſual Manner, 
muſt be reduc'd into Grains, as was elſewhere taught, 
which will be a very good Powder, that muſt be kept 
in ſome Wooden Box or Veſſel, untill there's occaſi- 
on to ule ir, | 

When the Powder is but a little altered, it will be 
ſufficient ro mix ſome of it with an equal quantity of 
good Powder newly prepar'd, upon a 3 I 

| oth, 
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Cloth, with the Hand or a Wooden Shovel, and then 
to dry it in the Sun. | 


PROBLEM VL 


To prepare an Oyl of Sulphur, required in Fires 


works, 


Hing melted what quantity of Sulphur you think 
11 fir, upon a moderate Fire, in an Earthen, or 
Copper Veſſel, throw into it ſome old, or in defect of 
this ſome new Brick, that is well burnt, and was 
never wetted, broken into many ſmall pieces about 
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the bigneſs of a Bean; ftir them continually with a 


ſick, till they have drunk up and conſum'd all the 
Sulphur ; this done ſet them upon a Furnace to diſtil 
in an, Alembick ; ſo you ſhall have a very inflammable 
Oy1, fir for your gywpoſe. 

You may mak otherways thus: Fill one third 
or fourth part of a Glaſs- bottle with a long Neck with 
Sulphur pulveris'd ; then pouring upon it Spirit of Tur- 
pentine, or Oyl of Walnuts, or of Juniper, till the 
Bottle is half full, ſer it upon hot Cinders; leaving it 
there eight or nine Hours; and you ſhall find an Oyl 
therein of the above-ſaid Qualtiry. | 


"PROBLEM VIL 
To prepare the Oyl of Salr-perre uſeful in Fireworks. 


what quantity of purify'd Salt- petre you pleaſe, 
and cauſe it to melt by putting thereupon burning 
Coals ; and you ſhall ſee the Liquor to paſs thro” the 
Board, and to fall down Drop by Drop, which muſt 
be received in an Earthen or Copper Por, where 


ire-works, as we ſhall declare in its proper Place. 


P R O- 


= have an Oyl of Salt-petre , fit to be uſed in 


PD T, upon a Fir-board well plain d, and dry, 


490 


| concaye Cylinder, made of ſome hard Matter, and 
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PROBLEM VIII. 


To prepare the Oyl of Sulphur and Salt-petre mix'4 
tagether. g 


Having mix'd and well incorporated equal Porti. 

ons of Sulphur and Salt-petre, reduce all into 2 

fine Powder, which muſt be paſs'd thro a fine Searce: 

Put this Powder thus ſearced into a gew Earthen Pot, 
or one that bath not been uſed, and pour upon it good 

White-wine Venegar, or elſe Brandy, till *cis covered, 

Then cover your Pot fo that no Air may get into it, 

and ſet it to ſtand in ſome hot Place, till all the Vi- 

negar is conſumed or diſappears. Laſt of all, draw 

from the remaining Matter the Oyl by means of an 


Alembick, which will ſerve to ſeveral Purpoſes of Py- 


rotechny. 75 
PROBLEM IX. 


To make Moulds, Rewlers, and Rammers for Rockets 
of all ſorts, | 


A Rocket, which the French call Fufee 3 the Latin: 
Rocheta ; and the Greeks, Pyrobolos conſiſts of a 
Cartouch or Paper- tube call'd the Coſin, and a com- 
buſfible Compoſition, with which tis loaded; which 
being fired, mounts into the Air, ina manner moſt a- 
greeable to behold. 9 
There are three ſorts of em; the Small, the Mid- 
dling, and the Great. All ſach are reckon'd /mal, 
whereof the Diameters don't exceed that of a Lead- 
bullet of one Pound, or whoſe Moulds admit not a 
Buller above that Weight. The Midaling, are thoſe 
the Moulds of which will admit Bullers from one to 
three Pound-weight. The Great will carry from 2 
three Pound to an hundred pound Ball. | 
To determine the Bigneſs of theſe Coſſins to a requi- 
red Meaſure, that is Length and Thicknefs, and to 
make any demanded Number of em, of the ſame 
Reach, and of equal Force, they muſt be fitted to a 


turn d 
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turn d exactly in a Lath: This is called the Mould or 
Form, Which is ſometimes made of Metal, but moſt 
1 commonly of hard Wood, ſuch as Box, Juniper, Aſh, 
Cypreſs, wild Plum- tree, Italian Walnut- tree, and 
ſuch like. a „ 
Beſides this, there is another, but a convex and ſo- Plate 23, 
lid Cylinder of Wood required, call d a Rowler, upon pig $5: 
which the thick Paper, whereof the Coffin is made. 
muſt be rowled, ill tis of a bigneſs exactly to fill 
the Concaviry of the Mould. This Rowler is here 
repreſented by the Letter B, and its Diameter muſt 
contain five eight Parrs of that of the Mould A, the 
Length of which muſt be fix times the Diameter of 
its Bore, in ſmall Rockets; but in the Middling and 
the large ones, it muſt be only five, or four times the 
length of the Diameter of their Bore. 
Another Cylinder of Wood muſt alſo be had, 
which is to be a little ſmaller than the former, that it 
may go into the Coffin with the greater eaſe. And this is 
to ſerve for a Rammer, as C, to drive down the Compo- 
ſition into the Coffin when you charge ir. But firſt your 
Coffin muſt be ſtraitned or choaked ; which is done by 
winding a Cord about the end of it, after you have 
a little withdrawn the Rowler, turning in the mean 
time the Coffin, and drawing the Cord, till there remains 
only a little Hole, which then muſt be ty d with ſtrong 
Pack-thread, This done you muſt draw out the Kow- 
ler, and introducing the Rammer into the Coffin, pur 
all into the Mould ; and when you have ſtruck — 
or fix blows with a Mallet upon the Rammer, to give 
a good form to the Neck of the Rocket, the' Coffin is 
finiſhed, and ready to be filled upon Occaſion.” 
This Rammer C, muſt be boxed lengthwiſe to ſome 
depth, that it may receive into its Concavity the Nee- 
dle DE, which muſt be in the Mould A, rogether with 
the Coffin and Rammer. The uf of this Needle, which 
muſt be one third Part of the length of the Coffin or 
Mould is to make a vent for the Priming in the bot- 
tom of the Compoſition, of which we ſpeak in the en- 
ſuing. Problem. w 
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PROBLEM X. 
To prepare a Compoſition for Rockets of any ſize. 


TH E Compoſition wherewith the Coffins are to be 


fill'd is different, according to the different bigneſ; 
of 'em; for tis found by Experience, that what is fi 
for ſmall Rockets, burns too violently, and roo quick- 
ly in thoſe that are large, becauſe the Fire is bigger, 
and the Matter alſo driven Yloſer together: Hence it 
is that no Gun-powder is us d in the larger ſort. In 
making up this Compoſition, according to the differ- 
ing ſizes of Rockets, the following Proportions muſt 
be obſerved. 

For Rockets from 60 to 100 Pounds, you muſt to 
three Pounds of Sali-petre, add one Pound of Sulphur, 
and two Pounds of good MWood-coal. | 

If they are from 30 to 50 Pounds, to thirty Pound; 
of Salt-petre, pur ſeven Pounds of Sulphur, and ſixteen 
Pounds of Coal. | 

Rockets from 18 to 20 Pounds, to twenty one Pounds 
of Sali-Petre, require ſix of Sulphur, and thirteen of 
Coal. | 

From 12 to 15 Pounds, require to four Pounds of 
Salt-petre one Pound of Sulphur, and two Pounds of 
Coal. 

If they be from 9 to 12 Pounds ; to fixty two 
Pounds of Salt-petre, add nine Pounds of Sulphur, and 
twenty of Coal. | | 

From 6 to 9 Pounds ; add to ſeven Pounds of Salt- 
petre, one of Sulphur, and two of Coal. 

From 4 to 5 Pounds; to eighr Pounds of Salt-pe- 
tre, add one Pound of Sulphur, and rwo of Coal. 

From 2 to 3 Pounds; to ſixty Pounds of Salt - pette, 
add two of Sulphur, and fifteen of Coal. 

For one Pound; to ſixteen Pounds of Gun- powder, 
add one Pound of Sulphur, and three of Coal: Or to 
nine Pounds of Powder, four of Salt- petre, one of 
Sulpffur, and two of Coal. . 

For twelve Ounces ; put to nine Pounds of Pow- 
Ger, four of Salt-petre, one of Sulphur, and two of 


For 
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For 8 Ounces; add to thirty Pounds of Powder, 
wenty four of Salt- petre, three of Sutphur, and eight 


of Coal. 
For 5 and 6 Ounces; to thirty Pounds of Powder, 


add twenty four Pounds of Salt- petre, three Pounds of 


Sulphur, and eight Pounds of Coal, 
For 4 Ounces; add to rwenty four Pounds of Pow- 


der, four Pounds of Salr-perre, rwo Pounds of Sul- - 


phur, and three Pounds of Coal. | 

For 2 and 3 Ounces; to twenty four Pounds of 
Powder, put four Pounds of Salt-petre, one Pound of 
Sulphur, and three Pounds of Coal. 
For an half Ounce, and an Ounce; take fifteen 
pounds of Powder, and two pounds of Coal. 

For the ſmaller Rockets; to nine or ten pounds of 
Powder, add one pound, or one and a half of Coal. 


Here follow alſo other Proportions, which Experi- 
ence hath taught to ſucceed extremely well. 

For Rockets that contain one or two Ounces of 
Matter. Add to one pound of Gum powder, two 
Ounces of good Coal: Or, to one pound of Muſ- 
quet-Powder, take one pound of courſe Cannon- 
powder: Or, to nine Ounces of Muſquet- powder, 
put two Ounces of Coal: Or to one Ounce of Pow- 
a an Ounce and a half of Salr-petre, with as much 

oal. 


For Rockets of two or three Ounces ; add to four 


Ounces of Powder, one Ounce of Coal : Or to nine- 


Ounces of Powder, two Ounces of Salt-perre, 

For a Rocker of four Ounces ; add to four pounds 
of Powder, one pound of Salt-petre, and four Oun- 
ces of Coal, and if you pleaſe half an Ounce of Sal- 

hur : Or to one paund two Ounces and an half of 
owder, four Ounces of Sulphur, and two Ounces of 
Coal: Or to one pound of Powder, four Ounces of 
Salr-petre, and one Ounce of Coal; or to ſeven 
Ounces of Powder, four Ounces of Sali-perre, and 
as much Coal : Or, add to three Ounces and an half 
of Powder, ten Ounces of Salt-petre, and three Oun- 
ces and an half of Coal. The, Compoſition will be 
yer more ſtrong, if it be made up of ren Ounces of 
oder, three Ounces and an half of Salt-petre, and 

three Ounces of Coal, | 
7 
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For Rockets of five or fix Ounces ; take two 
pounds five Ounces of Powder, to half a pound of 
Salr-petre, rwo Ounces of Sulphur, fix Ounces of Coal, 
and rwo Ounces of Filings of Iron. 

For Rockets of ſeven or eight Qunces ; add to ſe. 
venteen Ounces of Powder, four Ounces of Salt-pe. 
tre, and three Ounces of Sulphur. 

For Rockets from 2 to ten Ounces; to two 
pounds ſive Ounces of Powder, put half a pound of 
Salt- petre, two Ounces of Sulphur, ſeven Ounces of 
Coal, and three Ounces of Filings. 

For Rockets from ten to twelve Ounces ; take to 
ſeventeen Ounces of Powder, four Ounces of Salt. 
petre, three Ounces and an half of Sulphur, and one 
Ounce of Coal. 

For Rockets from fourteen to fifreen Ounces, to 
two pounds four Ounces of Powder muft be added, 
nine Ounces of Salr-petre, three Ounces of Sulphur, 
_-_ Ounces of Coal, and three Ounces of File- 

uſt, | 
For Rockets of one Pound, to one pound of Pow- 
der, rake one Ounce of Sulphur, and three Ounces 
of Coal. 7p 

For a Rocket of two Pounds, add to one pound 
four Ounces of Powder, twelve Ounces of Salt-pe- 
tre, one Ounce of Sulphur, three Ounces of Coal, 
and two Ounces of File-duſt of Iron. 

For a Rocket of three Pounds, to thirty Ounces of 
Salr-perre, put ſeven Ounces and an half of Sulphur, 
and eleven 3 of Coal. 

For Rockets of four, five, fix, or ſeven Pounds, 
add to thirty one pounds of Salt-petre, four pounds 
and an half of Sulphur, and ten pounds of Coal. 

For Rockets of eight, nine, or ten Pounds, take to 
eight pounds of Salt-petre, one pound four Oun- 
= 2 Sulphur, and two pounds twelve Ounces of 

oal. | 

The Proportion of the different Materials being 
thus determined, each of em muſt be well beaten, 
and” ſearcd apart, and afterward weigh'd and 
mix'd, Thus is your Compoſition ready wherewithal to 
charge your Coſins, which muſt be made of ſtrong Pa- 
per well paſted, 5 
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PROBLEM XI. 
To make a Rocket. 
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Yo UR Coffins and different Compoſitions being in 


readineſs, You muſt chuſe a Compoſition ſuirable 


to the largeneſs of your deſign'd Rocket, which muſt 
neither be too wet nor too dry, but a little moiſtened 
with ſome oyly Liquor, or with Brandy; then take 
your Coffin, the length of which muſt be propor- 
tion d to the bigneſs of its Concavity; put it, with 
the Rammer C, into the Mould A; then put into 
it ſome of your Compoſition, taking good care not 


Plate 23. 
Fig. 66» 


to put in too much at a time, bur only one Spoonful 


or two; then put in your Rammer, and with a Mal- 
let ſuited to the bigneſs of the Coffin, ſtrike three or 
four ſmart Blows directly upon ir; then withdraw the 
Rammer again, and pour in an equal quantity of 


your Compoſition, and drive it down in like manner 


with your Rammer and Mallet, giving the ſame num- 
ber of Blows ; continue thus doing till the Coffin is 
fill'd to the height of the Mould, or rather a little 
below it, that five or fix Folds of the Paper may be 
doubled down upon the Compoſition thus driven into 
the Coffin, which ſometimes inſtead of Paper is made 


of Wood, 


The Coffin being filled with the Mixture, and the 
Paper doubled down upon it, you muſt beat it hard 
wich the Rammer and Mallet to preſs down the Folds 


of the Paper, upon Which you may put ſome Corn- 


powder, that it may give a Report. In this Paper 
folded down, you mutt make three or four Holes as 
you ſee in A, with a Bodkin FG, which muſt pene- 
trate to the Compoſition, to ſet fire to the Stars, Ser- 
pents, and Ground Rockets, when ſuch there are; o- 
therwiſe it will ſuffice to make one Hole only, with 
a Broach or Bodkin, which muſt be neither roo ſmall 
nor too great, but about one fourth of the Diameter 
of the Bore, as ſtraight as poſſible, and in the very 
middle, in order to fire the Corn- powder. 


K K PR O- 


Fig. 67; 
Figs 
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PROBLEM MAIL 


To make Sky-Rockets, that mount into the Air with 
Sticks. | 


"'T'IS to be noted, that the Head of a Rocket, is the 
higheſt end A, by which 'tis loaded, and which 
riſes firſt when 'tis fired: The Neck of the Rocket, or 
its Tail, is the lower end B, where it was choak'd 
or ſtrained, and the Priming is put, which muſt be 
of good rad ag 
Your Rocket being charg'd, as was taught in the 
preceding Problem, you muſt have a long Rod or 
Srick, as AB, of ſome light Wood, ſuch as Ofier or 
Fir, which muſt be bigger and flat at one end grow- 
ing ſlenderer towards the other. This Stick muſt be 
ſtra gat and ſmooth, without Knots, and plained if 
need be. Its Length and Weight muſt be proportio- 
ned to the Size of the Rocket, being fix, ſeven, or 
eight times tha Length of it; to the larger End of this 
where tis flatted, you muſt tie your Rocket, its Head 
reaching a little beyond the - end of the Stick, as you 
ſee in Fig. 68. and being thus fix'd, lay ir upon your 
Finger two or three Inches from the Neck of the 
Rocker, which ſhould then be exactly ballanced by 
the Stick, if tis rightly fitted; after which you have 
nothing to do, but to hang it looſly, upon two Nails, 
perpendicular to the Horizon, with its Head up, and 


then tis ready for Firing. But if you would have it 


to riſe very high, and in a ftraight Line, you muſt 
put a pointed Paper Cap, ſuch as C, upon its Head, 
and 1t will pierce the Air with greater Facility. 

To theſe Rockets, for the greater Diverſion of the 
Spectators, ſeveral other things may be added: as 
Petards or Crackers, thus; get a Box of Iron ſolder d, 
of a convenient bigneſs, fill it with fine Grain-pow- 
der; put it into the Coffin upon the Compoſition, 
with the Touch-hole down, double the reſt of the 
Paper upon it to hold it faſt till the Mixture is con- 
ſum'd, and then firing it will give a Report in the 


Air. 


. You 
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You may add to them likewiſe, Stars, Golden-rain, 
Serpents, Fire-links, and other ſuch agreeable Works, 
the making of which ſhall be taught afterwards. In 
order to this, you muſt have in readineſs an empty 
Coffin, of a larger Diameter than your Rocker. This 
muſt be choaked at one end, ſo as only to admit the 
Head of the Rocker, to which it muſt be faſtned. In- 
to this large Coffin, having firſt ſtrewed the bottom 
of it with Meal- powder, you muſt put your Serpents, 
or Golden rain, or Fire- links, with the prim'd end 
downwards; and amongſt, and over your Stars you 
muſt throw a little Powder. Then you may cover 
this additional Cofin with a piece of Paper, and fit 
to it a pointed Cap as before, to facilitate its Aſcen- 


ſion. 


PROBLEM XUI. 


To make Sky- Rockets which riſe into the Air without 4 
Stick, 
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QK7-Reckers without Sticks muſt be ſmall, becauſe plate 23. 
they are held in the Hand, from whence they riſe, Fig: 6s. 


after you have pur fire ro the Priming, They are 
made as the foregoing ; bur that they may the better 
fly into the Air, you muſt fir to em four Wings diſ- 
poſed Croſs-wiſe, like the Feathers of Darts or Ar- 
rows, as A, A ; their Length muſt he one third parr 
of that of the Rocker, their Breadth at the lower part 
half their Length, and their Thickneſs about a ſixth 
or eighth part of the Diameter of the Orifice of the 
Rocket. 

Inſtead of four of theſe Wings, you may uſe three 
of the ſame Dimenſions with equal Succeſs; but 
with this Caution, that in placing them upon your 
Rocker, the lower ends of em muſt be let down be- 
low the Tail of it the length of one Diameter of its 
Orifice. There are many other ways of making theſe 
Rockets, according to the various Fancies of Artiſts, 
which would be too tedious for this Work. 


If the Compaſition for your Rockets is defective, as Reaurk, 


is known when they riſe, either not at all, or with 


difficulty, or fall down again before conſumprion of 
Rk 2 "3" 
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the Mixture; or when they mount not with an equal 
and upright Motion, but turning and winding, or 
whirling in the Air; to amend your Compoſition, 
you muſt diminiſh the Quantity of Coal when tis too 
weak, and add to it if too ſtrong, as it is when it 
burſts the Rocket, the Coal ſerving to abate the force 
of the Powder, and to give a fine Train to your 
Rocker. Wherefore it wou'd be convenient, before 
you make up. a Quantity of Rockets, to try your 
Mixture and correct its Faults. 

To preſerve your Rockets in good Condition, they 
muſt be kept in a Place, neither too dry, nor too 
moiſt, but temperate; and the Compoſition ſhould not 

made up, but upon occaſion to uſe it. Vour 
Rocket muſt not be pierc'd, till you deſign to Play it ; 
which muſt not be in a Seaſon of Wind or Rain, or 


when the Nie are moiſt with Fogs and Miſts, all 


which are prejudicial to the agreeable Effects of a 
Rocket. 

If you would have your Rocket to burn with a 
pale white Flame, mix ſome Camphire with your Com- 
poſition; inſtead of which if you take Raſpings of 
Ivory, the Flame will be of a clear Silver- colour, bur 
ſomewhat inclining to that of Lead; if Colophony or 


Gtecian- pitch, twill be of a reddiſh Copper- colour; 


if black or common Piteh, the Flame will be dark 
and gloomy ; if Sulphur, it will be blue; if Sal-ar- 
moniack, it will appear greeniſh ; if crude Antimony, 
or the Raſpings of yellow Amber, it will emit Flames 


of a like Colour. 


PROBLEM XIV. 


To make Ground-rockets , which run upon the Earth. 


R Ockers that run along the Ground, call'd there- 
fore Ground-rockets, require not fo ſtrong a Com- 
poſition, as thoſe that mount into the Air; and there- 
fore continue longer, burning as well as moving more 
lowly : Wherefore they vary from the others, as well 
in the Demenſions of their Coffins, as in the Compo- 
firion wherewith theſe are charg d. The length of the 
Bore or Concavity, may be eleven times that of its 

Diameter; 
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Diameter; the Rowler on which the Coffin is made, 
may be five Lines in Diameter, and the Rammer a 
little leſs, that it may go eaſily into the Coffin without 
ſpoiling it. 
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The Compoſition may be of Cannon-Powder only, plate 23. 
well beaten and ſearc'd till tis as fine as Flower, Fig. 70. 


where with you muſt fill the Coffin, by little and little, 
as before, within a Finger's breadth of the Brim of 
the Mould; then doubling down one third part of 
the Paper, knock it down with the Rammer and Mal» 
let, and after, with a Bodkin, make a ſmall Hole 
which may penetrate to the Compoſirion ; then pur 
in a Piftol-charge of fine Powder, doubling down 
ſome more of the Paper upon it, the reſt of which 
muſt be choak'd tying it hard with Pack-thread, as 
you ſee in Aa. 

Theſe Rockets being ſmall are charg'd only with 
Powder finely pulveriz d, without any Coal, herein 
differing from the large ones, that have no Powder 
at all, except in their Priming, which in both ſorts 
muſt be of well grained Powder: The Reaſon of 
which is, becauſe in a greater Concavity there is a 
greater Fire acting upon a greater Quantity of Mat- 
ter, and conſequently with more Violence; there be- 
ing allo a greater Quantity of Air to be rarified in a 
great than in a {mall Rocket. 

When you choak or ſtraiten the End of your Rock- 
et, whether (mall or great, you muſt have a Hook 
or Staple driven into a Poſt or into a Wall, to this 
tie one end of your Cord, which muſt be of a ſize 
proportionable ro your Rocker, or to the Bar of a 
Window, and the other to a ſtrong Stick, which 
you muſt put between your Legs: Thus the Cord 
being winded about your Rocker in the deſign'd place, 
you may draw, turning, and ſtraitning it by Degrees as 
you deſire. 


Kk 3 PR O- 


Remark. 
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PROBLEM XV. 


To make Rockets that fly on a Line, calld Air- 
Rockets. 


T HIS is done with ordinary Rockets, that muſt 
not be too big, by faſtning to em two Iron 
Rings, or, which in my Opinion is better, a wooden 
Pipe or Cane, thro' which muſt paſs a well - ſtreched 
Line: Thus if yon ſer Fire to your Rocker, twill 
run along the Line without ceaſing till all the Matter is 
ſpent. | 

L. you would have your Rocket to run back, as 
well as forward, after you have fill'd one half of the 
Coffin with the Compoſition, ſeparate this from the 
empty halt by a Wheel of Wood fitted exactly to the 
Cavity; in the middle of this Wheel muſt be a Hole, 
from which a ſmall Pipe, fill'd with Meal-Powder, 
muſt paſs along the middle of the empty half. which 
then muſt be fill'd with the Compoſition ; and ſo after 
the firſt half of the Rocker is conſum'd, the Fire 
being communicated by the little Pipe, will light ir at 
the other Extremity, and ſo drive it back to the Place 
from whence ir came. 

The ſame thing may be effected by means of two 
Rockets ty'd together, the Tail of the one to the Head 
of the other, one of which being burnt to the End 
fires the other, making it to run back : Bur leaſt 
the ſecond ſhould catch fire at the Head, ir muſt be 
defended with a Cover of Paper or wax'd Cloth. 

This ſort of Rockets is commonly us'd to ſet fire 
ro other Machines in Fire-works for Diverſion, to 
which, for the greater Pleaſure, they give the Figures 
of ſeveral Animals, ſuch as Serpents or Dragons, 
which then are call'd F/ying Dragons ; and are ex- 
tremely agreeable, chiefly when fill'd with ſeveral 
other Works, as Golden Rain, Hairs dipt in Wild- 
fire, Small- nut Shells fill'd wich the Rocket Compo- 
ſition, and many other diverting things, of which af- 
terwards, 
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PROBLEM XVI. 


To make Rockets that burn in the Water, call'd Water- 
Rockets, 


TH the Fire and Water are oppoſite Elements, 
murually deſtroying one another; yet the Roc- 
kets we have hitherto deſcrib'd, being once lighted will 
continue to burn even in the Water, and will have 
their full Effect; but for as much as tis done under 
Water, we are depriv'd of the Pleaſure of beholding 
it. In order, therefore, to make them to ſwim upon 
the Water, we muſt alter ſomewhat the Proportions 
of their Mould, as well as the Materials of their 
Compoſition. 

The Mould, then, requir'd to ſuch Rockets, may 
be eight Inches in Length, and irs Bore an Inch over. 
The Rowler muſt be of nine Lines Diameter, and the 
Rammer nor quite ſo thick : No Needle is required to 
this Mould. 

The Compoſition, if you would have your Rocket 
burn on the Water with a clear Flame like a Candle, 
muſt be made of three Ounces of Powder beaten 
and ſearc'd, one Pound of Salt-perre, and eight Oun- 
ces of Sulphur mix'd together: When you deſire 
your Rocket to appear on the Water with a fine 
Tail, you muſt, to eight Ounces of common Powder, 
add one Pound of Salt-perre, eight Ounces of Sul- 
phur, and two Ounces of Coal. 

The Compoſition being prepar'd, and the Coffin 
charg'd with ir, as is taught above, put a Fire-Link 
at the end of it; and covering your Rocket with 
Wax, Pitch, or Roſin, to preſerve the Paper from the 
Water, faſten to it a ſtick of white Willow about two 
Foot long, which will cauſe it to ſwim upon the 
Water. | 

Many other different ways may ſuch Rockers be 
made without altering either the Mould or Compoſi- 
tion, for which the curious may conſult the Au- 
thors that have writ particular Treatiſes of Pyro- 
techny. | 
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A Rocket alſo may be made, which, after burning 
ſome time in the Water, will throw up into the Air 
Sparkles and Stars ; which is done by dividing the 
Rocket into two parts with a wooden Wheel having 
a Hole in the Middle, one Partition being fill'd with 
the common Compoſition, the other with Stars, ha- 
ving ſome Powder ftrew'd amongſt em. | 

Moreover you may contrive a Rocket, which, ha- 
ving burnt one half of its time in the Water, will 
mount up into the Air with great Swiftneſs ; thus : 
Having fil'd two equal Coffins with good Compoſi- 
tion, paſte em together ſlightly only at the Middle 
A, the Head of the one anſwering the Tail of the 
other; berwixt them muſt paſs a little Pipe at the 
Extremity B, to light the other when one is conſum'd. 
Then faſten the Rocket D, ro which the other is 
Jjoyn'd, to a ſtick of ſuch Length and Bigneſs as is 
requir'd for ballancing it, and to the lower end of 
the Rocker C, tie a Pack-thread at F, to which you 
muſt faſten a large Muſquet- Ball that muſt hang 
upon the ſtick ar E by means of a bent Wire. This 
done ſet fire to C, your Rocket being in the Water; 
and irs Compoſition being conſum'd ro B, will light, 
by means of the little Pipe, the other Rocker, which 
will mount into the Air, through the ſtrength of the 
_ „the firſt being kept down by the Weight ir 
uſtains. 


PROBLEM XVII. 
To make Fire-Links. 


Fire- Lin, ſo call'd from its reſemblance to the Links 

of a Saucidge, is a kind of Rocket, that is uſually 

tied to the end of a bigger one, ro render the Effect 

more agreeable. I ſaid uſually, becauſe there are ſome 

of em made that fly into the Air as Sky-rockets, and 

are call d Flying Fire-Links, to diſtinguiſh em from the 

others which are nam'd fixed Fire-Links. We ſhall here 
briefly reach the Making of both Sorts. 

And firſt the fixed kind ro be faſtned to a Rocker 
is made thus: Take a Coffin of what Bigneſs you 
think fir, and having choak'd it at the End, fill it 

with 
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with fine Powder, and choak it at the other End: 
Then roll it ſtrongly with ſmall Cord from one End Plate 24. 
to the other, as you ſee in A, gluing the Cord with 77. 7*: 
good Glue, to keep it faſt, and to ſtrengthen the | 
Coffin, that it may give the greater Noiſe when it 
breaks: Thus is your Fire- Link ready to be faſten d 
to the end of a Rocket either with Paper, Parchment, 
or Cord, or otherwiſe; but note, that you muſt pierce 
the End of your Fire-Link, which joyns to the 
Rocket, and prime it with Corn- powder. 
To make flying Fire-Links, you muſt have ſuch 
Coffins as for the former, only they muſt be a little lon- 
ger, and having choak'd em at one End, charge them 
with Corn-powder, adding at laſt Meal-powder to 
the thickneſs of one Inch, driving all down, as in 
Sky-rockets, with a Mallet. Then ſtrengthen the 
Coffin with Line, as in the former, after you have 
choak d the other End, leaving a Hele about the big- 
neſs of a Gooſe-quill, to which you muſt put a little 
moiſtned Powder for Priming. 
Or, having choak'd at one End, and charg'd your 
Coffin within one Inch of the other End, choak it 
there, leaving only a ſmall Hole, which if quite ſhur 
up, or too ſmall, muſt be open d with a Bodkin; then 
fill up your empty ſpace with Powder finely flow- 
ered, or with the Compoſition for Sky-rockets, which 
muſt be driven cloſe with a Rammer and Maller, 
doubling down the remaining Paper, if any, upon 
your Compoſition, which will give a. fine Tail to 
your Link; and when you have made a Hole in the 
Middle ot this laſt Paper, and prim'd it, your flying 
Link is ready to be thrown into the Air, which is 
done thus. | ; PR: 
You muſt provide Guns or Cannons with a Vent at F'& 7%. 
Bottom, where there muſt be a Tail ſomewhar long, 
which myſt paſs through a Piece of Wood, ſuch as 
A, that it may reach to a Fire-conveyance running 
along underneath, to ſer Fire to rhe Cannons one 
after another, which will alſo throw up into the Air 
the Links with a Noiſe in the ſame Order. 


PRO- 


— 


— 0 T — — 
—— ̃ ̃ ̃ — CE 
= 2 

- «4 "0 og — 
* p A 


oy — — — 


— — 


— 


— 
ID 
- 


—— 
— 


— ————p 


—__— 


„ 


— — 
— 


. — 


— 


— 


—— 


— 


— 


—— — 


1 


— 


— 
o 


* —— 


——— = 

— 

— — 2 $ 
— 

» 2 


- N 20 


4 
5 
& 

* 
k 
1 


504 


Plate 24. 
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PROBLEM XVIII. 
To make Serpents for artificial Fire-works, 


QErpents are ſmall Sky- rockets, which inſtead of 

Mounting ſtraight upwards, riſe obliquely, and de- 
ſcend with ſeveral Turnings and Windings. The 
Compoſition for them may be much rhe ſame with that 
for Sky-rockets ; or that for Ground-rockets, if you 
defire their Motions to be more brick. The Conſtru- 
ion and Proportions of their Coffin are as fol- 


los. 


The Length AC of the Coffin may be about fout 
Inches, and it muſt be rowled on a Rowler ſome- 
what bigger than a Gooſe-quill: This done you muſt 
choak it at one End, as at A, and filling it with Compo- 
fition a little beyond the Middle, as to B, choak it 
there alſo, leaving a little Hole; the reſt you muſt 
fill with Corn- powder, to make a Report when it 
breaks, choaking it quite at the other Extremity C. 
The Extremity A muſt be prim'd with ſome moiſt- 
ned Powder, by which when you have fired the 
Compoſition in the Parr AB, the Serpent will riſe into 
the Air, and afterwards coming down, will make ſe⸗ 
veral Turnings and Windings, till the Grain-Pow- 
der beihg fired, it breaks in the Air with a Bounce be- 
fore it fall. 

If ir be made up without choaking it rowards the 
Middle, inſtead of Turnings and Windings, it will 
have a waving Motion rifing and falling, till it breaks 
as above. 


PROBLEM XIX. 


To make Fire-Lances. 


Luce, of Fire, are long and thick Pipes or Can- 


nons of Wood, with Handles at the End, where- 
by they are made faſt ro Srakes or Poſts, well fixed that 


may ſuſtain the force of the Fire, having ſeveral Holes 


to contain Rockers or Petards. They are us d in 
| | teſtival 
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feftival Fire-works that repreſent nocturnal Fights, as 


well for throwing Rockets, as making Vollies of Re- 


ts. | 

You muſt uſe 'em thus: Pur a Rocket into every 
Hole, and fill the Bore of the Cannon with Compo- 
ſition, which fired will, as it conſumes, fire the Rock- 
ets one after another, and throw them up into the 
Air. Bur if you would have many thrown up ar 
once, cover the Bottom of the Lance with Compoſiti- 
on, and thereupon place a long ſmall Pipe fill'd with the 
ſame Compoſition, about which put your Rockets, 
till you have fill'd your Cannon, the prim'd End 
being downwards, that ſo firing the Compoſition in 
the Pipe, this may light that at the Bottom of the 
Lance, which firing the Rockets, they will mount all 
at once into the Air. | 

There may be many other ways of contriving Fre- 
Lances in imitation of this, of which I ſhallnor ſpeak : 
I ſhall only mention one other ſort of theſe Lances. 
This conſiſts of a Coffin made of ſtrong Paper well 
glued, which may be of whar Dimenſions you think 
fir, according as tis delignd to give more or leſs 
Light; this muſt be fill'd with the Star Compoſition, 
( of which in Prob. 22.) pulveriz'd, and prim'd with 


Meal- powder moiſtned : The lower End muſt be 


ſtopp'd with a round piece of Wood, which muſt 
appear two Inches without the Coffin, that thereby it 
may be faſtned at Pleaſure. 
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The Name of fiery or burning Lances, and Pikes, Remark: 


is alſo given to a kind of Pikes, like a Javelin or 


Dart, with a ſtrong Iron pointed Head, as AB, call'd Plate 24. 


Italians, Which were formerly thrown, being firſt 
fired, againſt the Enemies, either by the Hand, or 
from Engines, being cover'd between the Iron and 
Wood with Tow dipr in Sulphur, Rofin, Fews Pitch, 
and boiling Oyl ; where they lighted they ſtuck, ſer- 
ting on fire whatever was inflammable. 

This ſort of Lances is not now in uſe, bur inftead 
of them we have Burning Arrows, that are no leſs 
terrible, tho' not much now in Efteem : However we 
will bere gratify che Curious with a brief Deſcription 
of them. Flaming Arrows, are artificial Firebrands 
thrown among the Enemies Works, to reduce them 

1 BA 


by the Latins, Phalarica, and Dardi di Fuoco by the © 78. 
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to Aſhes; they are made thus: Prepare a little Bag 
of ſtrong courſe Cloth, about the bigneſs of a Gooſe's 
or a Swan's Egg, ſuch as C, of a globular or ſphæ- 
roidal Figure, which muſt be filled with a Compoſi- 
tion made of four Pounds of beaten Powder, as 
much refin'd Salt-perre, two Pounds of Sulphur, and 


one Pound of Grecian Pitch: Or you may make it 


of two pounds of Meal- powder, eight pounds of 
Salr-petre refined, two pounds of Sulphur, one pound 
of Camphire, and one pound of Colophony : Or yet 
more fimply thus ; of three pounds of Powder, four 
pounds of Salr-petre, and two pounds of Sulphur, 
With one of theſe Mixtures fill the Bag, preſſing it 
hard, and make an Hole through the Middle of it 
lengthwiſe, to receive an Arrow, like thoſe of the 
ordinary Bows or Croſs-bows, ſuch as AB, the Head 
of ir remaining without the Bag, which muſt be 
faſtned ſo as it may not move, or flide towards 
the Feathers. This done, roll your Bag with ſtrong 
Pack- thread as thick as poſſible from one End to 
another, and then cover it all over with Meal-powder 
mix d with melted Pitch. Thus it is ready to be ſhot 
out of a Bow or Croſs- bow, after it is fir d by two 
little Holes made for that purpoſe near the Head of 
your Arrow. 


PROBLEM XX. 


To make Fire- Poles or Perches. 


Tien Poles or Perches properly ſpeaking are what 
„We have call'd Fiery Lances, of which We have 
ſpoken in the preceding Problem; which might ſu- 
perſede any further Labour about em, but that We 
deſign here to ſhew another way of making em. 

You mult have a Pole of ſome light and dry Wood 
ten or twelve Foot in Length, and two Inches in 
Thickneſs, in one of the Ends whereof you muſt 
make three or four Grooves or Gutters oppoſite to 
one another, two or three Foot long; In ſome of 
theſe put Rockets, fill'd with a Compoſition made 
of tive Ounces of Powder, three Ounces of Salt- 
petre, one Ounce of Sulphur, and two Ounces of 


Coal ; 
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Coal; in others pur Perards or Crackers of Paper, 
which muſt communicate with the Rockets by Holes 
paſſing between: And laſt of all cover your Arrifice 
over neatly with Paper, the better to deceive the Eyes 
of Spectators. 


PROBLEM XANC 
To make Petards for Fire-works of Diverſion. 


PErards or Crackers, for Fire-works of Pleaſure, are 

made of Paper, or thin Pieces of Metal, as Cop- 
per, Iron, or Lead. Thoſe of Paper have their par- 
ticular Monlds, and are made as is directed in Probl. 
11, Their Coffins are charged towards the Head, 7. e. 
the upper Part, with grained Powder, which will 
cauſe the Petard to give a Report, when the Priming 
which is put rowards the Tail is burnt : This Priming 
muſt be of a flow Compoſition made of Powder 
mix'd with one third Part of Coal, each ſubtilly 
pulveriz'd a part, that they may the more intimately 
incorporate, It will be convenient to keep this Com- 
poſition in a moiſt Place, that thereby becoming 
wetriſh, it may be the more cloſely driven into the 
Coffin; and therefore if tis too dry, it is uſual 
— | may it a little with Oyl of Petre, or of Lin- 
eed. 

When the Petard is of Iron, it is divided into two 
Partitions, by a Wheel or round Plate of Iron, fitted 
to its Cavity, pierc'd with a little Hole in the Middle; 
the Partitions are call'd Chambers, whereof the upper 
one contains the Corn-powder, and the lower, the 
Compoſition or Priming, which being fired by a ſmall 
Hole at Bottom, carries the Fire to the Powder in 
Grains thro' the Hole in the Wheel. 


A Petard may be charg'd with Grain-powder only. 


and ſtrongly wadded with Paper or Tow: Or each 
End may be ſhut up with an Iron Wheel ſolder d, 
making one Hole only in the fide, by which it muſt 
be loaded and fired. | 


| 
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Beſides theſe for Pleaſure, there are alſo Petards Remark: 


made for Service in War, which are likewiſe of Iron 


or Copper, without Bottoms; they are parted _ 
three 
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three: equal Diviſions or Chambers, the Middle of 


which is fill'd with Corn-powder, and the two extream 
ones with Lead-bullets, which are parted from the 
Powder with Paper, the two Ends being allo ſtop'd 
by two little Paper Wheels, with a Hole in the 
Middle for the Priming. | 


PROBLEM XXII. 
Jo make Stars for Sky- Rockets. 


IT. are little Balls, about the bigneſs of a Muſ- 

quet-Bullet, or an Hazle-nur, made of an inflam. 
mable Compoſition, which gives a ſplendid Light, 
reſembling that of Stars, from whence is the Name. 
When they are put into the Rocket, they muſt be 
cover d with prepar d Tow, the Manner of making 
which ſhall be taught, after that of Stars. 

They are made thus: To one pound of Powder 
finely flowered, add four pounds of Salt- petre, and 
two pounds of Sulphur ; and having mix d all very 
well, roll up about the bigneſs of a Nutmeg of this 
Mixture in a piece of old Linnen or in Paper ; then 
tie it well with Pack-thread, and make a Hole through 
the Middle, with a pretty big Bodkin, to receive ſome 
prepared Tow, which will ſerve for Priming : This 
being lighted, fires the Compoſition, which emitting 
a Flame through both Holes, gives the Reſemblance 
of a pretty large Star. 

It inſtead 74 a dry Compoſition, you uſe a moiſt 
one in form of Paſte, you need only roll it into a little 
Ball, without wrapping it up in any thing, ſave, it 
you will, in prepared Tow, Ben of it ſelf ir will 
preſerve its | berical Figure; nor needs there ary 
Priming, becauſe while moiſt you may rowl it in 
Meal-powder, which will ſtick to it, and when fired 
will ligkt the Compoſition, and this at falling forms it 
ſelf into Drops. 42 | 

There are many other Ways of making Stars, too 
long now to be mention'd ; I ſhall only here ſhew 
how td make Stars of Report, that is, Stars that give 
: Crack like that of a Piſtol or Muſquer, as fol- 
os. 


; | Take 
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Take ſmall Links, made as is taught in Probl. 17. 
which you may chooſe either to roll with Line or 
not ; tie to one End of 'em, which muſt be pierc'd, 
your Stars if made after the firſt manner, thar is, of 
the dry Compoſition : Otherwiſe you need only leave 
a little piece of the Coffin empty beyond the Choak 
of the pierced End, to be fill'd with moiſt Compoſi- 
4 having firſt prim'd your Vent with Grain-Pow- 

er. 

You may allo contrive Stars, which, upon Con- 
ſumprion of rhe Compoſition, may appear to be turn d 
into Serpents, a thing eaſy to be perform'd by ſuch 
as underſtand what precedes ; upon which account, 
and becauſe they are but little in uſe, I ſhall ſay no 
more of em. 


PROBLEM XXIII. 
To male prepared Tow for Priming to Fire - wor ler. 


PRepared Tow, called alſo Pyrotechnical Match, and 

Quick-match, to diſtinguiſh it from Common Match, 
is uſed for priming all ſorts of Machins for Fire- 
works of Diverſion, ſuch as Rockers, Fire-Lances, 
Stars, and the like; and 'tis made as follows. 

Take Thread of Flax, Hemp, or Cotton, and 
double it eight or nine times, if it is for priming your 
large Rockets, or Fiery Lances; but four or five 
Times only, if tis to be put through your Stars. 
Having made ir of a Bigneſs proportion d to your 


deſigned Uſe, and twiſted it, but not roo hard, wet 


it in clean Water, which muſt be after ſqueezed out 
with your Hands. Then pur ſome Gun- powder in a 
little Water, ſo as to thicken it a little; in this ſoak 
your Match well, turning and ſtirring it till tis 
throughly impregnated with the Powder ; and then 
taking it out, rowl it in ſome good Pow der- duſt, and 
hang it upon Lines to dry either in the Sun or Shade: 


I bus you have a Pyrotechnical Match ready for Uſe on 


all Occaſions. 

Common Match, call'd alſo Fire- cord, is thus made: 
Take an unglaz'd Earthen Pot; cover its Bottom with 
red Sand well waſti'd and dry'd ; upon this lay ſpiral- 

wiſe 
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wiſe plain Match of Cotton, or well clean'd Tow, 
half an Inch thick, the diſtance of half an Inch being 
between each Revolution, and then cover it with 
Sand ; upon which again place a Lay of Match as 
before, and upon this another of Sand, and ſo inter- 
changeably till rhe Pot is full, but finiſhing always 
with a Lay of Sand : Then cover it with an earthen 
Cover, and lute with Clay the Joining, ſo as no Air 
may get Entrance, This done pur burning Coals 
round the Por, and after it has been kept hot for 
ſome Hours, let it cool of it ſelf ; ſo your Match is 
8 which will burn without Smoke or offenſive 
mell. 


PROBLEM XXIV. 
To make Fire-Sparkles for Sky-Rockets. 


Herde, differ only from Stars in their Smallneſs and 

ſhort Continuance, theſe being larger and not ſo 
ſoon conſumed as thoſe; which, when you have oc- 
caſion to uſe them in Rockets, may thus be made. 

Take one Ounce of beaten Powder, two Ounces 
of pulveris d Salt- petre, one Ounce of liquid Salt- 
petre, and four Ounces of Camphire in Powder; 
upon theſe, being put into a white earthen Veſſel, 
pour Water wherein Gum-Dragant is diffolv'd, or a 
Diſſolution either of the laſt nam'd Gum, or Gum- 
arabick in Brandy, till you have reduc'd the Mixture 
unto the Conſiſtence of a thin Pap; into which put 
as much Lint, made of Rags, boild in Brandy, 
Vinegar, or Salt-petre, and after dry'd, as will drink 
up all your Mixture; and thus have you a Matter 
prepar'd, which you may form into little Pills of the 
bigneſs of a Pea, to be dry'd either in the Sun or 
Shade, after rhey have been dip'd in Meal-powder, 
that they may eaſily take Fire. 
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PROBLEM XXV. 
To make Golden Rain for Sky-Rockers, : | 


Ter are ſome Sky-rockets, which in falling make 
little Waves in the Air, like unto Hair half 


curled, and are therefore call'd Hairy Rockers; they 


end in a ſort of Rain of Fire, call'd Golden Rain. Tis 
thus made. + n 239 gun} * 

Fill with the Compoſition for Sky-rockets' Gooſe- 
_ the Feathers being cut off; putting ſome wer 

owder in the open End of each, both to keep in the 
3 and to ſerve for Priming : With theſe 
the Head of your Sky- rocket, and it will end in 
a Golden Rain very agreeable to behold. 
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This Golden Rain calls to my Mind a Pyrotechnical Remark. 


Hail, ſo call'd from its Reſemblance to the Natural, 
which is a Quantity of ſmall hard Bodies, being ei- 
ther pieces of Flint, round Stones, leaden Bullets, or 
ſquare pieces of Iron, inclos d in a Cartridge of 
Wood, Iron, or Copper, and is therefore called Car- 
tridge or Caſe-ſhot ; they are us d in War, either in 
open Field to diſorder an Enemy's Army, or in a 
Siege to drive them away from a Breach or Gate to 
be ſeiz d, being ſhot either out of a Mortar, or a 
Great-gun of a large Bore. 67: tank 7 


PROBLEM XXVII. 


to repreſent, with Rockets, ſeveral Figures in the 
Air „ 8 | 2 


IF you take a Rocket of the larger Sort, and place 

round the Head of it many ſmall ones, fixing their 
Sticks all round the large Coffin upon the Head of 
your big Rocker, which uſes to contain the Head- 
works, ordering it ſo, that your ſmall Rockers rake 
Fire whilſt the Great one is Mounting up, you will 


have the Reſemblance of a Tree, very delightful to 


che Sight; whereof the big one will repreſent the 
Trunk, and the little ones the —— 1 
d 


8 
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Bur if the ſmall Rockets rake Fite when the great 
one is half turned in the Air, they will have the 
Appearance of -a Comet : And when. the large one is 
altogether rurn'd,” ſo that its Head points downwards 
to the Earth, they will exhibit the Similitude of a 
Fountain of Fire. | 8 

If you put on the Head of a large Rocket many 
Gooſe-quills, the Feathers being cut off, fill'd with 
Sky. rocket Compoſition, as in the preceding Problem; 


when fired, they will appear to thoſe under them as 


a ſine ſnower of Fire; but to thoſe who view them 
on one fide, like halt curl'd Hair very delightful 10 
the View. ' n: 

Finally, with Serpents ty d to a Rocket with Pack- 
thread, by the Ends which are not fired; leaving two 
or three Inches of the Thread betweeng Each, - y 
may repreſent at pleaſure ſeveral ſorts of Figures ind 
entertaining and agreeable to the Sight. 


A PROBLEM XXVIL 


4 


+, .' To make Fire- Pots for Fire-works of Diverſion. 
. 141 C4 4 ap IC 
NA Pot of Fire, is a large Coffin fill'd with Rockets, 
that take fire all together, and are diſcharg'd from 
the Pot without hurting ir. The Bottom of the Pot 
muſt; be cover d with Powder-duft, which being fired 
by a Match that muſt paſs through a Hole in rhe 
Middle of the Por, will ſer fire to all the Rockets 
„ 1 
When there ate many Fire- Pots, they muſt be co- 
vered with fingie Paper, that they may not play all 
at once; otherways one when fired might ſet fire to 
another: and you muſt uſe only a ſingle Leaf of 
Paper, that it may not hinder the Rockets to fly 
our. ' Pots of Fire are alſo made for War- ſervice, of 
which in Probi. 35. UM; | 78 
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at 
Ie 
5 PROBLEM XXVIII. 
a 

To make Fire-Balls for Diverſion, that burn ſwimming 
y in the Water, | | 
d 
4 "Heſe Globes, or Balls of Fire, are made com- 
1 monly of three ſeveral Figures, viz. either Sphe- 
0 rical, Spheroidal, or Cylindrical. They muſt be 


made of a light Wood, that they may ſwim on the 
5 Water, and hollow ro receive a fir Compoſition, 
which is prepared as that for Rockets; but obſer- 
ving the following Proportions. 

To one pound of Grain- powder, put thirty two 
pounds of Salt. petre finely pulveris d, eight pounds 
of Sulphur, one ounce of raſped Ivory, and eight 
er-xx of Saw-duſt of Wood, that hath been firſt 

i'd in Water of Salt-perre, and after dried in the 
Shade, or in the Sun. 

Or; to eight pounds of beaten Powder, add forty 
eight pounds of Salt- petre, twenty four pounds of 
Sulphur, one pound of Camphire, ſixteen pounds of 
Saw-duft, one pound of yellow Amber raſped, and 
one pound of beaten Glak. * 

Or; to two pounds of beaten Powder, take twelve 
pounds of Salt - petre, fix pounds of Sulphur, four 
pounds of Filings of Iron, and one pound of Greek- 
Pitch or Colophony. | 

There is no neceſſity your Compoſition ſhould be 
ſo finely beaten as that for Rockets, tis ſufficient if 
it be well mix'd and incorporated, tho' neither pow- 
der d nor ſearc'd : and left ir become roo dry, it 
will be proper to ſprinkle it a little with common 
Oyl, or Oyl of Wall-nuts, Lin-ſeed, or Hemp-ſeed, 
or with Stone-oyl, or ſome other fat and inflammable 
„ | 
| Io the firſt place ro make a Spherical Ball of Fire, plate 24. 
e muſt ger a Globe or Bowl of Wood of what fis 77. 

igneſs you pleaſe, which muſt be hollow, and very 
round, as well withingde as without, ſo that its 
'Thicknels AC, or BD, be about one ninth parc of 
Sb the 


— 
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the Diameter AB: Add to the upper part of it a) 


ſtraight concave Cylinder, as EFGH, of which the 
Thickneſs EF, muſt be about one fifth part of the 
ſame Diameter AB, and the Wideneſs of its Cavity 
LM, or NO, muſt equalize the Thickneſs AC, or 
BD, that is one ninth part of the Diameter AB, 


"Tis by this Cavity you muſt prime your Fire-Ball, 
after you have fill d it with Compoſition by the lower 
.Orifice IK, by which you ſhall convey into ir the 
Petard of Metal P, which muſt be charg'd with good 
Corn- powder, and laid athwart the Orifice, as you 
lee in the Figure. | 
This done, the Orifice IK, which is almoſt equal to 
the Thickneſs EF, or GH, of the Cylinder EFGH, 
muſt be hut up with a Bung or Stopple dip'd in 
melted Pitch; this Bung muſt be covered on the up- 
per fide with ſuch a Weight of Lead, as may fink 
the Globe into the Water; ſo that nothing but the Part 
GH. may appear above it, which will fall out, if the 
Weight of the Lead, with the Ball and Compoſition, 
be equal to that of a like Bulk of Water. If there- 
tore thus ballanc'd it be thrown into the Water, the 
Weight of the Lead will keep the Orifice IK, directly 
down, and the Cylinder EFGH perpendicularly up- 
righr, which ſhould be fired before the Globe is 
thrown in. | | 

In the next place, to make a Fire-Ball of a Spheroi- 
dal Figure, the Thickneſs AC, or BD, muſt be one 
ninth part of the ſhorteſt Diameter AB, and to the 
upper End of the largeſt Diameter, a Cylinder EFGH, 
muſt be fitted. like that of the preceding, making an 
Orifice, as IK, at the lower End of .the ſame lar- 
geſt Diameter, and its Stopple alſo..zs. before, with 
this Difference, that inſtead of covering it with Lead, 
and putting a Petard within, a Grenade of Lead, 
charg d with good Corn- powder, muſt be annex d 
to it without, the Neck of it entring into the Bottom 
of the Ball, that it may take fire when the Compoſi- 
tion is ſpent. ; A 

Laſtly, a Cylindrical Fire-ball, ſuch as ABCD, may 
be made of what Bigneſs you pleaſe, provided its 
Height AD, or BC, be the Triple of its Breadth AB, 
or CD, irs Thicknels being, as in the preceding, ne 
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ninth part of the ſame Height AD, as well as the 
Wideneſs EF of the Orifice EFGH, which muſt be 
narrower by one half aboye than below. By this 
Orifice the Cylinder is to be charg'd; after which 
it muſt be fitred with a Stopple, wrapp'd round with 
a Cloth dip'd in melted Pireh, or Pitch and Tar, and 
bored Lengthwiſe, for holding the Priming. 

This done, make faſt to it, near the Priming, a lir- 
tle concave Globe of Metal, as I, which muſt firſt 
be fill'd with Water, as is done in the Zolipyles, by 
putting it in cold Water after it is heated pretty hot. 
To the ſides of the Cylinder alſo you muſt faſten 
two ſmall leaden Pipes, as K, L, the upper Orifice 
of which muſt be joined to the Globe I, by the two 
Horns M, N, made of ſome bending Material bor'd 
from one End to the other wich a very ſmall Hole, 
but ſmalleſt at the lower End. 1 

Now when you have a Mind to ſet this Aquatick Ma- 
chine a playing; firſt fire the Priming with a March 
or otherwiſe, andgywhen tis well lighted, throw it into 
the Water, ſo that the Bottom AB may be down ; 
and you ſhall behold with Pleaſure*ſo ſoon as the 
Fire of the Priming has heated the Globe, that the 
Water contain'd therein being rarefy'd, ſhall come 
out in form of Vapour impetuouſly by the ſmall Holes 
of the Horns M, N, making a very agreeable Noiſe 
in the Orifices of the rwo Pipes K, L. 
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There are many other ways of making theſe fiery Remack. 


Globes, for which I ſhall remit my Readers ro Py- 
rotechnical Authors. I ſhall only add, that a Ball of 
Fire, like thoſe of the firſt ſort, may be contriv'd, 
which when fired in a ſmall cloſe Room, will emit a 
moſt acceptable Smell, the Compoſition of which 
make up as follows. 

Take to eight Ounces of Salt petre, two Ounces of 
Storax Calamita, two Ounces of Frankincenſe, two 
Ounces of Maſtick, one Ounce of Amber, one Ounce 
of Civer, four Ounces of the Saw-duft of Juniper- 
wood, four Ounces of the Saw-duſt of Cypreſs- 
wood, and two Ounces of Oil of Spicknard. Mix 
and incorporate all theſe things zogether, as is ſaid in 
the Compoſition for Rockets. Or; to four Ounces 
of Salt- petre, add two Ounces of Flowers of Sulphur, 
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one Ounce of Camphire, one Ounce of yellow Am- 
ber raſp'd ard well pulveris d, two Ounces of Coal 
of the Lime-tree, and one Ounce of Flowers of Ben- 
jamin. All theſe ſhould be pulveriz d each apart, then 
mix d and imbodied together, as in the Compoſition of 
common Rockets. 


PROBLEM XXIX. 


To make Fire- Balls for Diverſion, that will dance upon 
an Horizontal Plain. 


AKE a Ball of Wood, with a Cylinder A, like 

the firſt of the three deſcrjb'd in the preceding 
Problem, and charging it with a like Compoſition, 
pur into it four, or more Petards or Crackers, if you 
pleaſe. fill'd with good Grain-powder to the Top, as 
AB, which muſt be ſtop'd ftrongh with Paper, or 
Tow rowl'd hard: Thus you have 2 Bali, which 
being fired by the Priming at C, will leap upon a 
ſmooth Horizontal Plain according as the Fire lays 
hold on the Petards. | 
But inftead of putting the Perards within, you may 
faſten them withour to the Surface of rhe Globe, 
and they wil make it to roll and dance as the Fire 
reaches rhe Petards, which, as you ſee in the Figure, 
are plac'd careleſly upon the Surface of the Ball. 

You may allo thus contrive a like Bal which ſhall 
roll ro and fro upon an Horizontal Plain with a very 
ſwift Motion. Make two equal Hemiſpheres of 
Paſt board, and fit to one of em, as AB, three com- 
mon Rockets charged and prim'd as your ordinaty 
Sky-rockets, without Perards, ſo that the Rockets, 


C, D, E, don't exceed in Length the Diameter of 


the Concavity of the Hemiſphere, with the Tail of 
one anſwering the Head of the other, as in the Fi- 
gure, that the Fire paſſing from one to another, they 
may burn ſuoceſſively: To this join the other Hemit- 
phere, gluing them neatly together with good Paper, 
that they may not be ſeparated by the Motion; there 
muſt only be made one Hole oppoſite to the Tail F 
| - IS t 
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the firſt Rocker for Priming, which, being fired 
thereby, when ſpent, will fire the Second, and this 
in like manner the Third, which will give a continu- 
al Motion to the Ball when plac'd on an Horizontal 
and ſmooth Plain, making it to go and come with an 
extraordinary Swiſtneſs. | 
The two Hemiſpheres of Paper or Paſt-b 
may be thus made: Take a large Wooden Globe, 
coat it all over with melted Wax, entirely covering 
irs Surface, that yau may glue to it many Fillers of 


: ſtrong Paper, about two or three Fingers wide. one 


above another to the Thickneſs of about two Lines. 
Or you may do it thus, which is in my Opinion the 
better and more eaſy Way; Diſſolve in Glue-water 
that Maſs or Paſt which is us d in Paper-milk to make 
Paper withal, and lay it over the whole Surface of 


the Globe, which, when dryed by degrees at a (mall 


Fire, muſt be cut aſunder in the Middle; ſo you 
ſhall have two ſolid Hemiſpheres, to be rendered 
concave, if you ſeparate the Wood from the Paſt- 
board, by melting the Wax at a good Fire. 


PROBLEM XXX. 


To make Sky Fire-balls for Fire-works of Diverſion. 


T Hele Balls are call'd Sky or 4ir-Bals, becauſe the 
are thrown up into the Air from a Mortar, whic 
is a well known Piece of Artillery, ſhort, well-forri- 


fied, and of a large Bore, us'd in War to throw Fire- 


works of Service againſt the Enemy, and in Fire- 
works of Pleaſure to raiſe into the Air Balls of Fire, 
and other ſuch things, for Diverſion. 

Tho! theſe Balls are of Wood, and of a conveni- 
ent Thickneſs, viz. the rwelfth part of their Diame- 
ter; yet if you put too much Powder into the Mor- 
tar, they will be unable to reſiſt its Force. There 


fore it is, that you muſt proportion the Quantity of 


Powder to the Weight of the Ball ro be thrown ; 
which if it weigh four Pounds, one Ounce of Powder 
will ſerve ; but if your * weigh eight Pounds, 

L14 ir 
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Plate 25. 
Fig. 83. 
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it will require two Ounces of Powder, and fo on in- 
the ſame Proportion. ; 8 
It may fall out, that the Chamber of a Mortar 
may prove too big to contain exactly the Quantity 
of Powder requir d to the Fire-ball, which ſhould be 
put immediately above the Powder, that it may be 
. up and lighted at the ſame time; In this 


, You may make another Mortar of Wood, or 
of Paſt-board, with a Bottom of Wood, as AB, con- 
raining a Quantity of Powder proportionable ro the 
Weight of your Ball, which may be put into the 
large Mortar of Braſs or Iron. 

This ſmall Mortar muſt be made of light Wood, 
or of Paper paſted, and rowl'd in form of a Cylin- 
der, or of an inverted Cone without a Point, ſave 
that its lower Bottom muſt be of Wood. The Cham- 
ber AB, where the Powder lies, muſt be bor'd obli- 

uely with a ſmall Wimble, as at BC, ſo as the 
Ven: B may anſwer to that of the metallick Mortar, 
to which if you put Fire, it will light the Powder at 
the Bottom of the Chamber AC, immediately under 
the Fire- ball, which will alſo rake Fire, and riſing 
into the Air, will make an agreeable Noiſe; which 
otherwiſe would not ſucceed, if an empty Space were 
left betwixt the Fire- ball and Powder. 

The Profil or perpendicular Section of ſuch a Ball 
is repreſented by the Rectangle ABCD, the Breadth 


of which AB is almoſt equal to its Height AD, The 


Thickneſs of the Wood at the two Sides LM, is 
equal, as we have already ſaid, to a twelfth part of 
the Diamerer of the Ball, and the Thickneſs E F, 
of the Cover, is double that of the Sides, or equal to 
2 ſixth part of the ſame Diameter. The Height GK, 
or HI, of the Chamber GHIK, where the Primin 
is put, and which is bounded by the Semicircle L 
HM, is one fourth part of the Breadth AB, and its 
Dea GH is one fixth part of the ſame Breadth 
This Ball muſt be fill'd with Canes or common 


Reeds, of a Length fitted to the inward Height of the . 


Ball, and charged with a flow Compoſition made of 
three Ounces of Meal-powder, one Ounce of Sul- 
phur moiſtned a little with Oyl of Petre, * 

be” ce 


* 


| 
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Ounces of Coal : And that theſe Reeds or Canes may 
the more eafily rake Fire, their lower End, which 
reſts upon the Bottom of the Ball, ſhould be charg'd 
with Powder beaten and moiftned in like manner 
— 45 of Petre, or ſprinkled with Brandy, and af- 
ter dried. 
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This Bottom of the Ball muſt be covered with ſome pute 26. 
Powder, half of it in Flower, and half of it in Grain, Fig. 84. 


which will fer fire to the lower End of the Reeds, 
being it ſelf fired by the Priming put to the End of 
the Cnamber GH, which muſt be fill'd with a Com- 
poſition like that of the Reeds, or another flow one 
made of eight Ounces of Powder, four Ounces of 
Salr-petre, two Ounces of Sulphur, and one Ounce 
of Coal: Or elſe of four Ounces of Salt-petre, and 
two Ounces of Coal; all being beaten, put together, 
and well mixed. 


Inftead of Reeds, you may charge your Ball with Remark. 


Ground-rockets, or with Petards of Paper, rogether 
with Stars, or Sparkles mix'd with beaten Powder 
and laid confuſedly upon the Perards, which muſt be 
choak'd at unequal Heights, that they may not pro- 
duce their Effects all at once. 

There are many other ways of making theſe Balls, 
too long to be here inſiſted on. Bur you muſt remem- 
ber to take care when they are charg'd, before they 
are put into the Mortar, to cover them above and all 
round with a Cloth dipt in Glue, and to make faſt 
a Piece of Cloth, or Wool preſs'd hard into a round 
Form, underneath, exactly upon the Hole of the Pri- 


ming, Sc. 
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PROBLEM XXXI. 


To make Shining-Balls, for Diverſion, and for Service 
in War. 


Flrſt. to make Shining-b4lls for Recreation; to four 
Pounds of $2 4 gp put fix Pounds of Sulphur, 
two pounds of crude Antimony, four Pounds of Co- 
lophony, and four Pounds of Coal: Or, to two 
Pounds of Salt-perre, take one Pound of Sulphur, as 
much Antimony, two Pounds of Colophony, as much 
Coal, and one Pound of black Pitch; melt theſe, be- 
ing well beaten, in a Kettle, or in a glaz d earthen 
Por, and thereinto throw ſuch a Quantity of Hards of 
Flax, or of Hemp, as will juſt ſuffice ro imbibe all 
the Liquor, of which as it cools make little Pellers 
or round Balls, to be covered over with prepared 
Tow, which I taught to make in Probl. 23. and after 
put into Sky-rockets, or Balls for Diverſion, as is uſual 
to be done with fiery Stars. | 
Next, to make Shining or Flaming-balls for Service 
in War, to be thrown from a Mortar againſt the Ene- 


my, you muſt melt, in a Kettle, or glaz'd earthen 


Por, as above, equal Parts of Sulphur, black Pitch, 
Roſin, and Turpentine, into which dip an Iron, or 
Stone - bullet, ſomewhat lower than the Bore of the 
Mortar, and when its Surface is cover'd with this 
Matter, rowl it in Corn- powder: Which done co- 
ver it over with Callico, and dip it again into the 
ſame Liquor; rolling it after in Grain- powder; this 
muſt be reiterated ſeveral times, covering, dipping. 
and rowling it, till it fills exactly the Bore of the 


Mortar or Cannon, into which you deſign to put it, 
remembring ſtill to end your Operations with rolling 


it in Grain powder, that being put into your Piece, 
immediately above the Charge of Powder, it may 
take fire as it is thrown into the Air againſt the Ene- 
my, either to annoy them, or to diſcover their De- 
ſigns, which is uſually done in Sieges. 


I nſtead 
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Inſtead of theſe Shining-Balls, Red-hot-balls are Remark. 


more frequently uſed for offending the Enemy, by 
burning them, their Houſes, or Works. Theſe Bul- 
lets are of Iron, and being heated red-hot in a Fur- 
nace are thus uſed. Your Cannon being Charg'd 
with Powder, freed from Corns, and pointed ſome- 
thing upwards, you muſt have in readineſs a Cylin- 
der of Wood fitted exactly to its Bore, which you muſt 
put into your Gun next the Powder, and upon it you muſt 
ram down a Wad of wet Straw, Hay, or Tow of Hemp, 
or ſome ſuch moiſt Materials; themputting in your Red- 
1 with a Ladle, immediately put Fire to your 
Gun. 


PROBLEM XXXIL 
To make 4 Wheel of Fire-works. 
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A Wheel of Fire, or Fire-works, is a Wheel of plate 26. 
light Wood, ſet round with Rockets of a middle Fig. 8s. 


Size, the Head of one regarding the Tail of another, 
that when ti firſt is ſpent, it may ſer fire to the next, 
which makes the Wheel turn round its fix d Axle-tree 
without Intermiſſion, till all the Rockets are conſum d. 
See the Figure. 

- Upon this account tis call'd a Fire-M/heel, and 'tis 
alſo call'd a Fiery Sun, becauſe plac'd horizontally up- 
on a Stake ſomewhar large and perpendicular to the 
Horizon, it turns round, and repreſents a Sun in 
Night Combats, which is very diverting. 

Lou may allo make Fire-wheels which have a Si- 
tuation perpendicular to the Horizon, and turn upon 
an Axis parallel to it, very agreeable ro behold. Fire- 
wheels are likewiſe uſed- to light other Works at a 
Diſtance, in aſcending or deſcending upon a ſtrerch'd 
Rope, like Flying-Dragons; and on many other Oc- 
raſions, to the great Pleaſure of the Spectators. 
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PROBLEM XXXIII. 


Jo make a Balloon, or fiery Foot- ball. 


PBAloons are Coffins of a large Diameter, fhot our 

of a Mortar whither one pleaſes, fill'd commonly 
with Serpents abour the Thickneſs of a Ground-rock- 
et, bur not ſo long, with rwo ſmall Fire-links of 
the ſame Length and Breadth, which being fir'd by 
their Priming, burſt the Coffin, this having below a 
Fire-conveyance, at the Mouth of which there is a 
Priming of Cotton dipt in Powder. 

The Coffin is made with a thick Wooden Rowler, 
about which is rowled ſtrong Card-paper, glued ro 
= it from undoing, which being choak'd below, 
a Hole is made there for a *Fire-conveyance, fill'd 
with a Compoſition more flow than that of Ground- 
rockets, being like to that of Sky-rockets : After this 
it may be filled with Serpents, and ſometimes with 


Stars, and then choaked above. 4 


PROBLEM XXXIV. 


To make Pyrotechnical Maces or Clubs, and ether Fire- 


Machins, for Nocturnal Combats. 


N\ ORturnal Combars may be very agreeably re- 
preſented in artificial Fire-works with Maces of 
Fire, Hangers, Scimetars, Faulchions, Swords, Cud- 
gels, Shields, Targets, and other ſuch Pyrotechnical 
Weapons; all which, befides in the Form they re- 
preſent, differing but little, as to their Conſtruction, 
we ſhall here only deſcribe one or two for Examples, 
leaving the reſt ro the Contrivance of an ingenious 
Operator. | | 
Maces or Clubs of Fire, being a Species of theſe 
diverting Fire balls that burn upon the Water, which 
we have taught to make in Probl. 28. it will not be 
needtul here much to inſiſt upon em. Let it _ 
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then to ſay, that Handles well turn'd and poliſh'd 
muſt be added to 'em, after you have made ſeveral 
Holes in them eDeceive your Rockets, which will 
be fired by the Compoſition at diverſ@rimes ; which 
Compoſition, as is ſaid, is the ſame with that of the 
Warer-balls, or with this which follows: Take four 
Drahms of Sulphur, one Pound of Pitch, and two 
Drahms of Coal ; ler all be well beaten and mixed, 
and afrerwards moiſtned with Brandy, or ſome other 
inflammable Liquor. | 

A Fire-Hanger is a Hanger of Wood, reſembling a 
Turkiſh Scimetar. It is made of two Boards of dry 
Wood, joyning together at the Edge, and parting a- 
ſunder at the Back, along which there runs as it were 
a triangular Groove, that muſt be divided into ſeve- 
ral little Partitions or Chambers by ſmall triangular 
Boards; into theſe Partitions you may pur Ground- 
rockets, or you may fill them with Perards, Stars, 
Sparkles, Shining-Balls, and other ſuch things, which 
you muſt cover with Paper well paſted, as you muſt 
all your Hanger with Linnen Cloth. The Touch-hole 
muſt be towards the Point, by which you muſt ſer fire 
ro its Compoſition contain'd in a little Canal run- 
ning along the Edge, and this as it conſumes will 
communicate the Fire to the little Chambers ſucceſ- 
fively : The Compoſition muſt be of the flow Kind, 
made up of five Ounces of Powder, three of Salt- pe- 
tre, one of Sulphur, and two of Coal. 

Cimetars are crooked Hangers made of dry and 
light Wood, hollow alſo, and open in the Back, into 
which you muſt pur ſeveral Rockers well glu'd and 
faſten d, and ſo diſpos'd that the Head of one may be 
near the Neck or Tail of another, which muſt be fir'd 
by it after irs Compoſition is ſpent, as may be ſeen in 
Fire-wheels. 5 

Targets are made of thin Boards, with a Channel 
running in a ſpiral Line, from their Circumference to 
the Center, for containing the Priming, which muft 
be all covered over with a thin Covering of Wood or 
Paſt-board , bored with Holes ſpiral alſo, exactly 


over the Priming to receive the Ends of Rockets, 


which muſt be made faſt therein, ; 
Amongſt 
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Amongſt other Pyrotechnical Machins, we muſt 
not bere forget ro mention the Fire- pipe, which is not 
the leaſt conſiderable among them. This may be made 
ſeveral Ways, of which I ſhall ſer make choice of 
the moſt ſimplè, and moſt eaſy to be underſtood and 
performed. | | 

Get a wooden Pipe, as AB, of what Length and 
Thickneſs you pleaſe, about which mark out a Line wind- 
ing, in Screw-faſhion, from one End to the other, upon 
which make Holes, bored obliquely downwards in re- 
ſpe to the Axis of the Cylinder, as C, D, E, into which 
you muſt put Coffins or Pipes of Paper with wooden Bot- 
toms, as F, G, to receive, the Ends of as many 
Ground or Sky-rockets, as you fee in H, under 
which muſt be pur ſome Powder, that muſt be light- 
ed by ſmall Pipes paſſing between each Hole and the 
Cavity of the great Pipe AB, which muſt be fill'd 
with a Compoſition like that of the Fire-balls that 
burn on the Water, the little Pipes themſelves being 
fill'd with Powder finely pulveriz'd. "LF 

Inftead of Rockers fitted in Coffins obliquely aſ- 


cending, you may ſet round the large Pipe as many 


Boxes of Paper, diſpoſed ſcrew-wiſe as the Coffins, 
fitted with wooden Bottoms, and ſtanding upright, 
that is, parallel to the Axis of the Pipe, as C. D, E, 
which muſt be glued, and well faſten'd to the Surface 
of the Pipe, and filld with a ſufficient number of 


Ground-rockets, c. 


For the greater Ornament, the Pipe AB, may be 
cut withourfide into a Priſm of many Sides, and on 
each oppoſite Plain many Holes made, equidiſtant from 


one another, and bored obliquely, to receive Petards, 


or Rockets as before. All this will be eaſily appre- 


hended by looking on the Figure. 


Beſides the Compoſition for the Aquatick Balls, you 
may ule the following, made of fix Pounds of Pow- 
der, four of Salt- petre, and one of Filings of Iron: 
Or this, of twelve Pounds of Powder, five of Salt- 
perre, three of Sulphur, two of Coal, one of Colo» 


phony, and four Pounds of Saw-dutt. 
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PROBLEM, XXXV. 


To make Fire-Pots for Service in Mar. 


WE have taughr, in Probl. 27. the Way of making 

Pots of Fire for diverting Fire-works, and 
here we are to ſhew how to make Fire- pots for War, 
which have diverſe Names according to the different 
Figure may be giv'n to 'em ; when they are made 
like earthen Pots with an Handle on each Side, they 
are call'd Fire- pots or Fire-pitchers; when they re- 
ſemble a Bottle or a Vial, they are call'd Fire- bottles 
or Vials; when like a Box, Fire- boxes. But whate- 
ver Figure they have, they are ordinarily made in the 
follwing Manner. 

Put into a Veſſel of. Metal or Earth Quick-lime 
finely pulveris'd, or, if you can't have this, Aſhes of 
Oak or Aih-wood well ſearced, till the Veſſel is fill'd 
to a third Part, and then fill it up to the Brims with 
good Corn-powder : This done cover it exactly above 
with ſtrong Paper, or rather with a Wheel of Wood, 
and wrapping it round with a Linnen Cloth pitched, 
tie to the Neck or Handle Ends of Match, which be- 
ing lighted, and the Por thrown amongſt the Ene- 
mies, will fire the Powder, and make a prodigious 
Havock among the Soldiers, the Veſſel breaking into 
a thouſand Pieces, which will kill all they hir : Be- 
fides that the Quick-lime riſing up into the Air, will 


make a thick Duſt reſembling that of a Whirl- 


wind, which will extremely incommode all within its 
Reach. 

Or you may take an earthen or glaſs Veſſel with a 
long Neck, like a Matras or Body of an Alembick, 
and fill its Belly with Grain-powder, with a little 
Sublimate and ſome Bole-Armoniack, mixing with 
all theſe, if you pleaſe, ſmall! Pieces of Iron, to pro- 
duce as it were a Hail. Laſtly, fill the Neck gf your 
Veſſel with a flow Compoſition, that after tis fired 
there may be ſufficient time ro throw it where one 
would have it to do Execution, | 


Theſe 
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Theſe Fire- pots are of good Uſe in War: They 
may be thrown by the Beſieged in an Attack, from 
the top of the Rampart, into rhe Moat, if the Ene- 
my is come ſo far, or upon the Counterſcarp, with 
the Hand; and out of proper Engins, they may be 
thrown into the Trenches and other Works of the 
Enemies. They may be uſed alſo againſt the Be- 
ſieged, being rhrown, our of ſuch Machins, into a 
Place by the Be-fiegers. They are alſo of great uſe 
in Naval Fights, when Veſſels come to be grappled 
or boarded -; for by throwing theſe Pots into the 
Enemy's Ship, you may either blow it up by firing 
their Powder, or ſer it on Fire, and put the Soldiers 
and Sailors into great Confuſion. o 
But when you have a Mind to uſe em for ſetting 
Ships on Fire, they muſt be fill'd with a Compoſition, 
that can't be extinguiſh'd by Water, or otherways, 
ſuch as the following, which Water is ſo far from 

quenching, when once fired, that it rather encreaſes 
its Force: So that if it fall upon the Deck of any 
Veſſel, it will burn through it in a little time, and 
ſticking to whatever is in its Way, ſet all in a 
Flame. | | 

Take, two Pounds of Gun-powder, two Pounds 
of Salt · petre, eight Ounces of Sulphur, two Drams 
of Camphire, four Drams of Colophony, and one 
Dram of Sal-Armoniack. All theſe put together and 
well mix'd, muſt be made into Dough or Paſte with 
Linſeed or Common Oil, which muſt be formed 
into Balls about the Bigneſs of a large Wall-nut, 
and ſo put into the Fire pot, the empty Spaces 
being filled up wich Corn and Meal-powder mix- 
ed. 865 


PROBLEM XXXVI. 
To male Fire- Crowns for Service in War. | 


Fun Crowns, or Fire-garlands are little Sacks or 
Bags, of Linnen or Canvas, bent round in form 
of a Circle, being full of a Compoſition like that of 


the Fire · pots in the preceding Problem, or that which 
. follows 


h 


r 
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follows in this : They are uſed, as Fire-pors, to 
throw among the Enemies for burning of Ships, and 
Houſes. Theſe Bags are four, five, or fix Inches 
wide, and from three to four Foot long: And to 
hinder them from becoming ſtraight when their Com- 
poſition is a burning, their Ends muſt be well ſow- 
ed together; beſides you muſt have an Iron Circle 
to ſtrengthen them, to which they are made faſt by 
the ſmall Cords that are to be twiſted round em from 
one End to another, 

Into theſe Bags you may put Petards of Iron loa» 
ded with good Powder and Lead-bullers, one End 
of em entring into the Bags, and their Mouth ſtand- 
ing our, that they may go off, when fired by their 
Touch-holes that are ſurrounded by the Compoſition, 
which muſt be ſer on fire by rwo or three Holes made 
in this circular Bag. 

Inſtead of Petards, you may ſet round the Crown 
Hand Grenades, about the Bigneſs of an Iron-buller 
of one or two Pound-weight, having little Pipes three 
or four Inches long ſcrew'd into their Mouth, to hold 
them faſt, and ro ſet them on Fire, after they have 
been fired by the Compoſition of the Fire-Garland, 
which muſt be made as follows, 

To four Pounds of Powder, add fix Pounds of 
Salt- petre, two Pounds of Sulphur, and one Pound 
of bearen Glaſs : Or, put four Pounds of Powder, 
to fix Pounds of Salt-petre, and one Pound of Colo- 
phony ; ali being well beaten, ſearced, and mixed 
together. 


Two of theſe Crowns may be joyn'd together Remark; 


croſs-wiſe, as the Circles of an artificial Sphere of 
the World : and therefore ſuch a Machin is call'd a 
Fire-ſphere or Circle, It muſt be dipt in Pitch and 
Tar, and have Holes made in ſeveral Places, that ir 
may be fired on all Sides, that none may lay hands 
on it, nor extinguiſh it, when it is thrown among the 
Enemies, whom it will pur into great Diſorder, killing 
all in its Way, 

When thele Bags are not bent into a round Form, 
they are call'd Fire-ſacks, as allo Fire-cylinders, from 
their Figure: but there is ſome (mall Difference be- 
zween theſe wwe Machins, Which ate chiefly uſed in 
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the Defence of Places beſieged, as in Aſſaults, Scas 
ling of the Walls, to kill and deftroy in the Brea. 
ches, or in the Moats all they come near, and 


with their Weight ro cruſh whatever they fall up- 


on. 

Inſtead of the two Crowhs join'd ctoſs-wiſe one 
within another, three or four, or more may be put 
together, to make up an artificial Sphere, the two 
ourward and greater croſſing at Right Angles, to 
repreſent the two Colures, to which others may be 
allo added to exhibir the other Circles of the Sphere; 
and all of em well faſtned together with Iron or 
Braſs-wier, / 

Cylind:rs of Fire ate Pipes of Wood, fortified ar 
each End, and in the Middle upon the Powder-place 
with good Iron Hoops, and ſtopp'd with a Wheel 
of Stopple of Wood, after they have been loaded 
with — ſquare Pieces of Iron, and ſuch like 
which by the Violence of the Powder are cfiven and 
ſcattered hither and thither, ro the Right and Left, 
and kill, break, and deſtroy whatever withſtands. 


PROBLEM XXXVI. 


To make Fire-Barrels for Defending 4 Breach, and Ru- 
ining the Enemies Works. 


N the Defending of a Breach there ate alſo uſed 
* Artificial Barrels, call d Flaming or Fire-Barrels, as 
alſo Thundring- Barrels, becauſe they are employed to 
overwhelm and thunderſtrike the Enemy, and to 
ruin their Works, by rolling them down from a 
Breach or other Eminence upon them, being bound 
with Iron Hoops, and containing within em another 
little Cask full of Powder, and fix d upon an Axle- 
tree, in the Middle of the large one: Or Fire- pots, 

etards, and Granado's wrapt up in Tow ſprinkled 
with Oyl of Petre, and dipt in liquid Pitch, Turpen- 
tine, and Colophony. 

But it will be ſufficient to put thereinto one large 
Grenade, which may be encompaſſed with Pieces of 
Stones, Flints, and ſquare Iron or Dice-ſhor, ns 
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fach like things, which being diſpers'd by the Vio- 
- lence of the Powder, may kill, and bruiſe the Ene- 
4 my, and deftroy their Works; but you ſhould fill 
N up the vacuities with Quick- lime. To theſe Casks or 


Barrels, Pipes muſt be fitted and well faſtned. for N 
carrying Fire to the Powder, by means of a Priming 1 
to be put therein. | 5 

We forbear here to give a particular Deſcriprion Remark? 
of ſome other Pyrorechnical Machins for War, which 
are too too common, as of Grenades, that are (mall 
hollow Balls or Shells, commonly of Iron, fill'd with 
fine Corn- Powder, which are fired by a Fuſe of a fluw 
Mixture made of equal Parts of Powder, Salt-petre, 
and Brimſtone : Ot Bombs, which are large hollow 
Balls or Shells of Iron, filld with Nails, Powder, 
and other offenfive Fire-works, that are thrown into 
Places beſieg'd, to deſtroy the Houſes : And ot Car- 
caſſes, which are large oval Caſes made of Ribs of- 
Iron, and fill'd with Grenades and Ends of Piſtol 
Barrels charg'd with Powder, and wrap'd up toge- 
ther with the Grenades in Tow dipt in  Oyl, and 
other Combuſtible Matters. They are covered over 
with a Courſe pirch'd Cloth before they are thrown 
from the Mortar into the Place deſigned, where they 
make a moſt dreadful Havock. | 
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PROBLEM XXXVIII. 


To make an Ointment excellent for Curing all ſorts of 
Burnings. 4 


Oil, over a gentle Fire, in common Water, Hogs 

Lard, or the Fat of freſh Pork, skimming it per- 
perually, till no further Scum ariſes; then expole it 
rhus melted ro cool in the clear open Air three or 
four Nights. After this melt the ſame Lard or Greaſe 
in an earthen Veſſel over a flow Fire, and ftrain ir 
through a Linnen Cloth into cold Water, and after. 
waſh it well in fair River or Fountain Water, to 
take away its Salt, which will make it become white 
as Snow. Finally, being thus purify'd, put it up 
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in a glaz'd earthen Veſſel, to be kept for Uſe upon 
Occaſion. 

If ir falls out, as commonly it happens, that by 
a Burning Bliſters ariſe upon the Skin, they muſt 
not be cut or broken, till the Oyntment has been 
us d to it for three or four Days. You may al- 
ſo uſe the following, which you will find- ro be 
of great Efficacy, and is made of Hogs Lard mel- 
ted and mix'd with two Drams of the Water of 
Nighr-ſhade, and one Dram of Oyl of Saturn: Or 
with two Ounces of Juice of Qnyons, and ane 
Ounce of Oyl of Wall- nuts. 
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